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PREFACE 

By  Joseph  A.  Holmes. 

The  establishment  on  July  1,  1910,  of  a  National  Bureau  of  Mines 
on  a  permanent  basis,  and  the  transfer,  for  continuance  under  this 
bureau,  of  the  fuel  investigations  organized  and  conducted,  1904  to 
1910,  under  the  United  States  Geological  Survey,  were  considered 
as  making  a  suitable  occasion  for  assembling  and  publishing  in  con- 
venient form  a  description  of  those  investigations,  the  methods  fol- 
lowed, the  equipment  used,  and  the  results  obtained.  The  larger 
part  of  the  data  has  been  assembled  for  publication  in  three  reports — 
the  first  (Bulletin  13)  on  the  fuel  tests  made  in  gas  producers,  the 
second  (Bulletin  23)  on  the  fuels  tested  in  boiler  furnaces,  and  the 
third  (Bulletin  22)  giving  the  chemical  analyses  of  the  coals  tested 
and  a  statement  regarding  the  mines  and  beds  from  which  these 
coals  were  collected. 

Much  of  this  material  has  already  been  published  in  various 
bulletins  of  the  Geological  Survey,  but  most  of  those  bulletins 
are  now  out  of  print  and  much  of  the  material  has  not  yet  been 
published.  Hence,  it  is  deemed  wise  to  bring  together  all  the  infor- 
mation, both  published  and  unpublished,  that  may  have  special 
value  and  to  publish  it  in  convenient  form.  A  r6sum6  of  certain 
additional  data  covering  the  briquetting,  coking,  and  other  miscel- 
laneous uses  of  the  fuels  tested  will  be  similarly  segregated  and  pub- 
lished in  a  futmre  bulletin  of  the  Bureau  of  Mines. 

When  Congress  authorized  this  work  in  1904,  the  Director  of  the 
United  States  Geological  Survey  placed  its  supervision  under  a  com- 
mittee consisting  of  E.  W.  Parker  and  M.  R.  Campbell,  of  the  Geo- 
logical Survey,  and  the  present  writer;  and  this  committee  selected 
as  its  consulting  experts  Prof.  Robert  H.  Femald,  of  the  mechanical- 
engineering  department  of  Washington  University,  St.  Louis,  to 
take  charge  of  the  gas-producer  investigations;  Prof.  Lester  P. 
Breckenridge,  of  the  mechanical-engineering  department  of  the 
University  of  Illinois,  to  take  charge  of  the  boiler  and  steaming  inves- 
tigations; and  Prof.  Nathaniel  W.  Lord,  of  the  chemical  department 
of  the  University  of  Ohio,  to  take  charge  of  the  chemical  work. 

In  plannmg  the  fuel  investigations,  the  committee  found  that  there 
were  limitations  as  to  equipment  available;  no  satisfactory  methods 
had  been  developed;  and  few  experts  had  been  adequately  trained 
for  such  investigations.     Nevertheless,  it  was  believed  that,  if  prop- 

8 


4  PBEFAOE. 

erly  carried  on,  the  results  of  these  investigations  would  have  a  lai^ 
and  permanent  value.  Therefore,  the  coals  used  in  the  investiga- 
tions were  selected  and  collected  in  such  manner  as  to  insure  their 
being  representative  of  actual  and  extensive  resources. 

During  1905  and  subsequent  years  the  administrative  supervision 
of  these  investigations  was  assigned  by  the  Director  of  the  Geological 
Survey  to  the  present  writer,  but  the  technical  advice  of  Profs. 
Lord,  Breckenridge,  and  Femald  has  been  followed  throughout,  and 
the  administrative  plans  developed  during  the  work  of  1904  so  laigely 
by  Messrs.  Parker  and  Campbell,  with  whom  the  writer  was  asso- 
ciated, have  continued  to  serve  as  a  general  guide. 
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INTRODUCTION. 
HI8TOBY  AND  OBJECT  OF  FUBL-TESTTNO'  PLANT. 

The  investigations  of  fuels  conducted  by  the  technologic  branch  of 
the  United  States  Greological  Survey  had  their  inception  at  the 
Ix)msiana  Purchase  Exposition  in  1904.  By  an  act  approved  Febru- 
ary 18,  1904,  Congress  authorized  the  work  of  analyzing  and  testing 
at  the  Louisiana  Piu'chase  Exposition  the  coals  and  lignites  of  the 
United  States,  under  the  supervision  of  the  Director  of  the  United 
States  Greological  Survey.  An  appropriation  of  $30,000  was  made 
for  this  purpose.  In  the  general  deficiency  bill  dated  April  27,  1904, 
the  sum  of  $30,000  was  added  to  the  appropriation. 

To  carry  out  these  investigations  the  Director  of  the  Greological 
Survey  appointed  a  committee  consisting  of  E.  W.  Parker,  statistician 
of  the  Geological  Survey;  Joseph  A.  Holmes,  State  geologist  of  North 
Carolina;  and  Marius  R.  Campbell,  a  geologist  of  the  Geological 
Survey. 

Under  the  first  act  authorizing  this  work  all  of  the  machinery  and 

coal  for  the  tests  was  to  be  furnished  the  Government  free  of  charge. 

The  buildings  containing  the  testing  apparatus  were  all  paid  for  out 

of  the  first  appropriation.    After  the  close  of  the  Louisiana  Purchase 

Exposition  every  Congress  made  an  appropriation  for  continuing 

these  fuel  tests.     These  subsequent  appropriations  permitted  the 

purchase  of  appliances  better  adapted  for  the  testing  work. 
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The  general  object  of  these  investigations  as  they  were  started  at 
St.  Louis  was  to  determine  the  fuel  value  of  the  coals  and  lignites  of 
the  United  States  in  the  following  ways: 

(a)  By  chemical  analysis. 

(ft)  By  burning  under  boilers. 

(c)  By  burning  in  the  gas  producer  and  using  the  gas  for  power 
generation. 

(d)  By  briquettuig  and  burning  the  briquets  under  stationary, 
marine,  and  locomotive  boilers. 

(e)  By  coking  to  determine  the  coking  qualities. 

(/)  By  testing  after  washing  a  coal  that  was  originaUy  high  in  ssh. 

To  do  this  work  the  plant  was  equipped  with  a  chemical  laboraton- 
for  coal  analysis,  2  Heine  water-tube  boilers  of  210  boiler  horsepower 
each  set  up  over  hand-fired  furnaces,  1  Taylor  pressure  gas  producer 
with  aiudUaries,  2  briquetting  machines,  3  beehive  coke  ovens,  and  a 
washery  with  two  jigs.  The  various  departments  of  the  plant  were 
connected  with  coal  conveyors  to  f  acihtate  the  handling  of  coal. 

About  a  year  after  the  close  of  the  exposition  all  the  buildings  had 
to  be  cleared  away  from  the  fair  grounds.  This  made  it  necessary 
to  move  the  fuel-testing  plant.  Accordingly,  early  in  1907  most  of 
the  departments  of  the  plant  were  removed  to  the  Jamestown  Expo- 
sition at  Norfolk,  Va.,  where  a  large  building  was  provided  for  the 
continuation  of  the  fuel  tests  during  the  exposition.  It  was  felt  at 
the  time  that  it  was  highly  desirable  to  make  steaming  and  briquet- 
ting  tests  of  the  coals  which  reach  Norfolk,  Va.,  for  the  use  of  tho 
United  States  Navy  and  the  merchant  marine. 

As  the  coking  qualities  of  the  coals  of  the  eastern  fields  were  fairly 
well  known,  it  was  thought  advisable  that  the  washing  and  coking' 
sections  should  investigate  the  coals  of  the  Rocky  Mountain  region 
and  determine  their  fitness  for  producing  liigh-grade  coke  for  metal- 
lurgical purposes.  Consequently  these  two  sections  were  removed 
to  Denver,  Colo. 

The  main  chemical  laboratory  was  moved  to  Pittsburgh,  which 
appeared  a  convenient  location  for  it  inasmuch  as  samples  of  coal  for 
chemical  analysis  were  to  be  collected  and  shipped  from  every  coal 
field  in  the  United  States. 

At  the  close  of  the  Jamestown  Exposition  the  steaming,  gas- 
producer,  and  briquetting  sections  of  the  fuel-testing  plant  were  moved 
to  Pittsburgh,  and  were  installed  in  the  arsenal  buildings  of  the  United 
States  War  Department,  where  these  divisions  are  continuing  their 
experiments. 

The  coal  washery  and  the  coke  ovens  at  Denver,  Colo.,  were  dis- 
mantled in  the  fall  of  1908,  the  investigations  being  discontinued  for 
the  time. 
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GSNEBAL   STATEMSNT   OF   THE    WORK   DOMB    BY   THB    8TBAM- 

ENQOnSEUINa    SECTION. 

From  the  begmning  of  the  fuel-testmg  work  at  St.  Louis  to  the 
end  of  the  year  1908  the  steam-engmeering  section  has  made  the 
following  tests  and  investigations: 

(a)  A  series  of  501  steaming  tests  under  Heine  stationary  boilers  on 
180  different  coals  coming  from  24  different  States;  some  of  these 
tests  were  made  at  St.  Louis,  Mo.,  others'  at  Norfolk,  Va. 

(b)  A  series  of  21  steaming  tests  with  briqueted  and  run-of-mine 
coal  under  a  Normand  marine  boiler  on  the  U.  S.  torpedo  boat 
Biddle,  at  the  Norfolk  Navy  Yard. 

(c)  A  series  of  14  steaming  tests  with  briqueted  and  run-of-mine 
coal  in  a  locomotive  boiler  at  the  yards  of  the  Seaboard  Air  Line 
Railway,  at  Portsmouth,  Va. 

(d)  A  series  of  15  steaming  tests  with  North  Dakota  lignite  in  a 
furnace  of  the  semigas-producer  type,  under  a  Stirling  boiler,  at  the 
United  States  irrigation  plant,  at  Williston,  N.  Dak. 

(e)  A  series  of  about  300  laboratory  tests  with  small  multitubular 
boilers  for  the  purpose  of  studying  their  heat-absorbing  properties. 

(/)  A  series  of  experiments  with  laboratory  apparatus  for  the  pui^ 
pose  of  studying  the  relation  of  the  pressure  drop  through  fuel  beds 
and  boilers  to  the  weight  of  gases  flowing  through  them.  These 
experiments  were  supplemented  by  the  investigation  of  data  obtained 
with  large  boilers  in  actual  operation. 

Of  the  above  only  the  tests  under  (a)  are  considered  in  full  detail 
m  this  bulletin.  Tests  under  (&),  (c),  (d),  (e),  and  (/),  respectively, 
have  been  described  fully  in  United  States  Geological  Survey  Bulle- 
tins 367,  403,  and  412,  and  in  Bureau  of  Mines  Bulletin  2  and 
Bulletin  18,  the  latter  being  now  in  course  of  publication.  However, 
a  brief  summary  of  these  tests  is  presented  in  the  second  part  of 
this  bulletin  under  the  caption  ''R6sum6  of  special  plant  and  field 
investigations." 

8COPB   OF   THIS   BTTLLETIN. 

This  bulletin  is  divided  into  two  distinct  but  related  parts. 

Part  I  contains  complete  final  data  and  results  of  all  steaming 
tests  made  at  the  fuel-testing  plant,  a  description  of  the  plant  and 
appliances,  and  a  statement  of  the  method  of  conducting  and  com- 
puting the  tests.  This  part  is  intended  for  those  who  wish  to  study 
the  details  of  the  tests  and  make  their  own  comparisons  and  deduc- 
tions, and  for  those  who  wish  to  inform  themselves  as  to  the  com- 
position of  the  different  coals  and  the  results  that  may  be  expected 
from  burning  them  in  a  hand-fired  furnace. 

Part  II  contains  principally  an  analytical  study  of  the  tests  reported 
in  Part  I.  In  this  study  a  great  many  comparisons  of  classified  tests 
ooisa**— Bull.  2a— 12 — i 
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are  made  and  deductions  are  drawn.  This  part  is  intended  for  the 
busy  engineer  who  has  not  time  to  study  the  tests  for  himself.  Part 
II  also  contains  a  brief  account  of  tests  made  outside  the  plant  and 
of  special  investigations  made  to  clear  up  certain  features  in  the 
problem  of  steam  generation.  In  this  account  the  investigations 
on  the  transmission  of  heat  in  boilers  and  the  experiments  on  the  flow 
of  gases  through  fuel  beds  and  boilers  are  particularly  mentioned. 
The  account  of  these  investigations  is  followed  by  a  discussion  of  the 
fundamental  principles  of  the  combustion  of  coal,  transmission  of 
heat,  and  the  movement  of  gases  through  boiler  settings. 


PART  I. 

DESCRIPTION  AND  COMPLETE  FINAL  DATA  OF  STEAM- 
ING TESTS. 

OBJECT  OF  STEAION'O  TESTS. 

The  primary  object  of  the  first  78  steaming  tests  made  at  the  St. 
Louis  plant  during  the  Louisiana  Purchase  Exposition  was  to  deter- 
mine the  comparative  value  of  coals  from  the  various  coal  fields  of 
the  country  when  used  tmder  boilers.  The  time  available  for  testing 
was  short  and  the  coals  to  be  tested  were  many.  Consequently, 
only  one  steaming  trial  was  made  with  each  coal,  unless  because  of 
some  accident  the  trial  was  thought  unreliable,  in  which  case  it 
was  repeated.  Thus  78  tests  covered  75  different  coals.  Inasmuch 
as  the  coal  came  from  fields  so  widely  separated,  it  was  rightly 
expected  that  its  nature  and  its  behavior  on  the  grate  would  vary 
greatly.  For  this  reason  the  testing  boilers  were  equipped  with 
hand-fired  furnaces  and  plain  grates,  an  equipment  which,  although 
not  best  fitted  for  some  coals,  would  make  possible  the  burning  of 
all  the  coals.  On  this  accoimt  the  results  obtained  are  not  absolute, 
and  are  approximately  comparative  only  for  the  hand-fired,  tile-roof 
type  of  furnace.  Nevertheless,  the  results  of  the  tests  furnish 
vduable  indications  of  what  the  results  would  be  in  other  types 
of  furnaces  and  with  other  methods  of  stoking.  This  is  particularly 
true  of  some  of  the  western  coals  just  coming  into  the  market. 

Although  the  tests  were  made  carefully,  the  results  in  some  cases 
are  not  the  best  that  can  be  obtained  in  this  type  of  furnace.  The 
work  could  not  be  so  arranged  that  all  coals  from  the  same  locality 
could  be  tested  on  successive  days.  Coal  from  West  Virginia  was 
tested  one  day  and  lignite  from  North  Dakota  the  next.  This 
made  it  difficult  for  the  man  in  chaise  of  the  firing  to  decide  at  the 
outset  what  method  of  burning  was  best  adapted  to  each  particular 
coal.  Notwithstanding  these  unfavorable  features,  the  over-all  effi- 
cien<7  ^^^  generally  fairly  high,  which  speaks  well  of  the  efforts  of 
the  men  managing  the  fires. 

Efforts  were  also  made  to  have  all  the  coals  of  a  uniform  size  when 

fired,  but  generally  it  was  not  possible  to  do  this.    The  samples  of 

coal  to  be  tested  were  received  as  ''run  of  mine";  after  reaching  the 

plant  they  were  run  through  a  crusher  which  was  set  to  reduce  the 

coals  to  a  standard  size.    Some  of  these  coals  were  brittle   and 
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crumbled  easily  during  the  process  of  unloading,  crushing,  and  con- 
veying, so  that  they  contained  greatly  varying  percentages  of  slack 
when  they  reached  the  boiler  room.  All  these  undesirable  but  inher- 
ent features  of  the  problem  of  testing  fuels  made  it  difficult,  if  not 
impossible,  to  obtain  imquestionably  comparative  results  from  the 
steaming  tests. 

Soon  after  the  dose  of  the  Louisiana  Purchase  Exposition  it  was 
decided  to  continue  the  fuel  tests  at  the  St.  Louis  plant.  To  avoid 
some  of  the  above-mentioned  objections  and  to  make  the  results  of 
the  steaming  tests  more  comparable,  provision  was  made  for  testing 
larger  samples  of  coal,  so  that  it  would  be  possible  to  make  three  or 
four  steaming  tests  with  each  coal,  each  test  being  run  at  different 
rates  of  combustion.  Furthermore,  to  provide  for  more  econondcal 
burning  of  the  coals,  particularly  of  some  of  the  western  ones  high 
in  ash,  one  of  the  Heine  boilers  was  equipped  with  a  McClave  rocking 
grate.  A  small  cylindrical  screen  was  purchased,  which  permitted 
the  accurate  determination  of  the  percentage  of  the  various  sizes 
of  the  coal  as  burned.  Several  recording  instruments  were  added 
to  the  equipment,  so  that  more  complete  data  could  be  obtained  on 
which  to  base  more  thorough  comparative  studies  of  the  steaming 
qualities  of  the  coals.  Although  the  equipment  for  making  com- 
parative tests  was  not  an  ideal  one,  nevertheless  it  was  as  good  as 
could  be  selected  for  such  widely  variable  conditions. 

The  object  of  the  steaming  tests  made  at  the  Norfolk  plant  was 
to  study  the  relative  economy  of  coals  coming  chiefly  from  the 
New  River  field.  West  Virginia,  when  burned  under  a  boiler  in  a 
hand-fired  furnace  and  when  fired  by  a  Jones  underfeed  stoker.  A 
further  object  was  to  compare  the  values  of  these  coals  for  making 
steam  when  in  the  run-of-mine  condition  and  when  compressed  into 
two  sizes  of  briquets.  The  steam  plant  was  equipped  for  this 
purpose  with  the  above-mentioned  Heine  boilers  set  up  with  a  stand- 
ard hand-fired  furnace  and  a  Jones  underfeed  stoker. 

THE  COAXS  TESTED. 

The  coals  tested  at  the  St.  Louis  plant  came  from  the  important 
coal  fields  of  the  country;  those  tested  at  the  Norfolk  plant  came 
only  from  Virginia  and  West  Virginia. 

To  be  certain  that  the  coal  shipped  to  the  plant  represented  the 
average  product  of  the  mine,  or  the  average  of  a  certain  grade  that 
it  was  desired  to  test,  the  coal  was  loaded  at  the  mine  into  the  rail- 
road car  under  the  supervision  of  a  representative  of  the  fuel-test- 
ing plant.  This  representative  visited  the  mine  a  day  or  two  pre- 
vious to  the  loading  of  the  coal,  and  studied  the  condition  of  mining 
and  the  treatment  of  the  coal  as  it  went  from  the  mine  to  the  car. 
He  watched  carefully  the  loading  of  the  car,  so  as  to  prevent  any 
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undue  picking  or  any  other  irregularity  that  would  make  the  coal 
better  than  the  average  output  of  the  mine.  In  certain  cases  where 
cars  were  in  the  yard,  already  loaded  with  what  was  regarded  as 
representative  coal,  one  of  these  cars  was  selected  at  random  and 
shipped  to  the  testing  plant. 

Ordinarily  the  coal  was  sent  to  the  plant  in  open  cars  without 
any  protection  from  the  weather,  but  such  lignitic  coals  as  would 
be  much  affected  by  weather  in  transit  were  loaded  in  box  cars. 
Usually  several  weeks  elapsed  between  the  mining  and  the  testing 
of  the  coals.  The  coal  was  sampled  at  the  plant  as  it  was  being 
unloaded  from  the  car  into  the  bins.  This  sample  was  called  the 
car  sample.  The  coal  was  again  sampled  as  it  was  burned,  and  the 
sample  thus  obtained  was  called  the  boiler-room  sample.  The 
analyses  of  these  two  samples  varied  appreciably,  showing  that  coal 
from  different  parts  of  a  car  may  vary  in  chemical  composition.  This 
is  particularly  true  of  coal  from  the  bottom  and  from  the  top  of  a  car. 
In  transportation,  fine  coal  and  impurities  are  apt  to  find  their  way 
to  the  bottom  of  the  car.  The  average  weight  of  a  carload  of  coal 
was  about  40  tons;  the  average  weight  of  the  coal  burned  in  a  steam- 
ing test  was  5  tons.  The  analyses  varied  according  to  whether  a 
5-ton  lot  was  taken  from  the  top  or  bottom  of  a  car,  or  the  top  or 
bottom  of  a  storage  bin. 

The  supervision  of  the  loading  of  the  coal  into  the  cars  at  the 
mines  was  done  by  the  members  of  the  field  division,  which  was  at 
first  in  charge  of  M.  R.  Campbell  and  later  was  under  the  direction 
of  J.  S.  Burrows. 

PEB80NNEL. 

The  fuel  tests  made  by  the  steam-engineering  division  of  the  fuel- 
testing  plant  were  conducted  under  the  direction  of  L.  P.  Brecken- 
ridge,  then  professor  of  mechanical  engineering  at  the  University 
of  Illinois,  and  now  holding  a  similar  position  at  the  Sheffield  Scien- 
tific School,  Yale  University.  The  first  78  tests  were  made  under 
the  direct  supervision  of  D.  T.  Randall.  All  succeeding  tests  were 
made  under  the  direct  chaise  of  W.  T.  Ray.  The  crew  conducting 
the  tests  consisted  of  six  to  ten  observers  and  computers  and  a  chemist. 
The  following  men  were  at  various  times  members  of  the  crew: 
H.  Ereisinger,  H.  W.  Weeks,  L.  R.  Stowe,  R.  H.  Kuss,  1. 1.  Harman, 
H.  B.  Dirks,  W.  M.  Park,  G.  S.  Pope,  R.  W.  Rutt,  C.  H.  Green, 
R.  H.  Post,  F.  J.  Bird,  C.  Fletcher,  R.  Gait,  C.  E,  Augustine, 
P.  Barker,  F.  Pahmeyer,  G.  E.  Ryder,  F.  E.  Woodman,  S.  B.  Flagg, 
C.  H.  McQure. 

In  all  steaming  tests  made  on  the  hand-iired  furnace  the  stoking 
was  done  by  the  same  fireman,  Henry  Arrens,  who  always  did  his 
work  faithfully  and  proved  to  be  exceptionally  skillful. 
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DBSOBIPTION    OF    STEAM    PULNT    AND    APPLIAN0B8    XTSBD    IN 

STEAMINa   TESTS. 

STEAM   PLANT    AT   ST.    LOUIS,    MO. 

The  steam  plant  at  St.  Louis,  Mo.,  was  installed  in  a  building 
having  a  floor  area  of  94  by  54  feet.  The  building  was  a  temporary, 
inexpensive,  wooden-frame  structure  covered  with  sheet-steel  siding 
and  a  composition  roof. 

The  boiler  room  which  occupied  a  floor  area  of  64  by  43  feet  was 
equipped  with  two  Heine  water-tube  boilers  of  210  horsepower  each, 
and  one  Frost  horizontal  multitubular  boiler  of  100  horsepower. 
Each  boiler  had  a  separate  steel  stack  and  independent  brick  setting. 
Ordinarily  the  two  Heine  boilers  were  fed  with  separate  injectors, 
but  a  steam  feed  pump  was  so  connected  that  it  could  be  used  for 
supplying  any  boiler  if  occasion  demanded.  Only  the  Heine  boUers 
were  used  for  the  tests,  the  horizontal  multitubular  boiler  furnish- 
ing steam  to  the  coal  washery  and  to  several  exhibits  on  the  exposi- 
tion grounds.  Soon  after  the  close  of  the  exposition  this  boiler  was 
removed  from  the  boiler  room. 

When  the  fuel-testing  plant  was  first  set  in  operation  the  other 
equipment  besides  that  already  mentioned  consisted  mainly  of  the 
following  apparatus  and  instruments : 

Two  platform  scales  and  a  charging  car  for  weighing  coal. 

Two  |>latf orm  scales  and  two  weighing  tanks  for  weighing  water. 

Two  suction  tanks  from  which  the  measured  water  was  fed  by 
the  injectors  into  the  Heine  boilers. 

Two  flue-gas  samplers  as  prescribed  by  the  code  of  the  American 
Society  of  Mechanical  Engineers  for  conducting  boUer  trials. 

Special  flue-gas  samplers  designed  and  built  at  the  plant. 

One  Orsat  apparatus  for  analyzing  flue  gases. 

Two  flue-gas  thermometers. 

One  thermocouple  for  measuring  furnace  temperatures. 

One  set  of  thermometers  for  measuring  outside,  boiler-room  and 
feed-water  temperatures. 

One  separating  and  one  throttling  calorimeter  for  determining  the 
moisture  in  steam. 

Four  draft  gages  for  taking  draft  measurements. 

When  the  testing  work  was  resumed  early  in  1905  the  following 
instruments  were  added  to  the  equipment: 

One  recording  flue-gas  thermometer. 

Two  recording  draft  gages. 

One  Wanner  optical  pyrometer  for  measuring  furnace  temperature. 

A  Sturtevant  blower  direct-connected  to  a  steam  engine  was 
installed  in  such  a  way  that  forced  draft  could  be  used  with  either 
of  the  two  Heine  boilers,  only  one  of  which  was  under  steam  at  a  time. 
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The  steam  generated  was  used  in  an  Allis-Chalmers  Corliss  engine, 
22  by  42  inches  in  size,  running  noncondensing,  and  driving  a  200- 
kilowatt  Bullock  generator.  The  current  was  distributed  at  the 
switchboard  to  electric  motors  in  various  parts  of  the  fuel-testing 
plant,  or  was  used  to  operate  a  miniature  railroad  in  one  of  the  exhibits. 
During  about  the  first  40  tests  current  not  thus  consumed  was 
absorbed  by  a  water  rheostat  which  was  used  to  regulate  the  load  of 
the  engine,  and  consequently  the  amount  of  steam  taken  out  of  the 
boiler.  However,  this  method  of  regulating  the  steam  consumption 
was  not  quite  sf^tisfactoiy;  therefore  a  3-inch  blow-off  pipe  was  con- 
nected to  the  steam  main  and  provided  with  a  throttling  valve  which 
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was  used  to  regulate  the  flow  of  steam  from  the  boiler  directly  into 
the  atmosphere.  By  means  of  two  sprocket  wheels  and  a  chain  the 
regulating  valve  could  be  manipulated  from  in  front  of  the  boiler 
by  the  man  managing  the  fire.  This  method  of  steam  regulation  was 
^ery  satisfactory  and  was  used  for  all  subsequent  tests  made  at  St. 
Louis  and  at  Norfolk. 


OBNBRAL  ABRANOEMENT  OF  TESTING  AFFUAMOES  IN  THE   BOILER  ROOM. 

The  general  arrangement  of  the  apparatus  used  in  the  boiler  room 
during  the  steaming  tests  at  the  St.  Louis  Exposition  is  shown  in 
%ure  1.    The  water-weighing  scales  and  the  tanks  were  placed  on  a 


14 


STEAMING  TESTS  OF  COALS. 


wooden  platform  about  4  feet  high  so  that  the  weighed  water  could 
be  run  by  gravity  into  the  suction  tanks  standing  on  the  boiler-room 
floor.  The  Oisat  apparatus  was  placed  in  the  rear  of  the  boilers 
where  the  gas  analyses  were  made.  There  were  no  storage  bins  for 
the  coal  to  be  tested.  As  a  rule,  only  one  kind  of  coal  was  placed  on 
the  boiler-room  floor  each  morning  before  a  stean[ung  test  was  started. 
Before  the  steam  tests  were  resumed  in  1905  some  improvements 
were  added  to  the  plant  which  greatly  faciUtated  the  testing  work. 
The  plan  of  tlA  improved  boiler  room  is  shown  in  figure  2.  Four  bins 
having  chutes  opening  into  the  boiler  room  were  built  on  the  out- 
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FioxTBE  2.— Plan  of  improved  steam  plant  at  St.  Louis,  Mo. 

side  of  the  front  wall.  The  bottoms  of  Uie  bins  were  inclined  and 
sufficiently  elevated  for  the  coal  to  run  by  gravity  into  a  charging 
car  placed  under  the  chutes.  Each  bin  had  a  capacity  of  about  25 
tons  of  coal,  a  quantity  that  was  sufficient  for  four  or  five  tests. 
Thus  it  was  possible  to  store  four  different  coals  in  the  bins  and 
arrange  the  sequence  of  the  tests  in  more  logical  order  than  was 
before  possible.  Besides,  the  absence  of  coal  on  the  firing  floor  made 
the  boiler  room  cleaner,  a  feature  that  encouraged  more  accurate 
work  on  the  part  of  the  observers.  To  promote  further  the  accuracy 
and  the  reUabiUty  of  the  work  three  small  rooms  were  built  on  the 
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left  side  of  the  boiler  room,  as  shown  in  figure  2.  The  rear  room  had 
a  floor  space  of  12  by  14  feet  and  was  equipped  as  a  chemical  labora- 
tory for  making  furnace-gas  and  flue-gas  analyses.  The  front  room 
was  used  as  an  instrument  room.  In  it  were  mounted  the  recording 
draft  gages  and  the  recording  flue-gas  thermometer.  Shelves  were 
also  provided  for  reserve  instruments,  for  tools,  and  for  keeping  log- 
sheet  blanks.     The  middle  room  was  used  as  a  wash  and  locker  room. 

A  suitable  platform  with  a  stairway  leading  to  it  was  built  on  top 
of  each  of  the  Heine  boilers.  The  object  was  to  make  the  upper  por- 
tion of  the  boilers  easily  accessible  for  such  observations  as  the  deter- 
mination of  the  moisture  in  the  steam  and  the  flue-gas  temperature. 

The  Sturtevant  steam  blower  was  placed  in  the  engine  room,  back 
of  the  boilers,  and  the  underground  air  duct  was  run  between  the 
Heine  boilers,  discharging  air  into  their  ash  pits  as  indicated  in 
figure  2. 

STEAM   PLANT  AT  NORFOLK,   VA. 

The  fuel-testing  plant  at  Norfolk,  Va.,  occupied  about  one-half  of 
the  Power  and  Alcohol  Building  at  the  Jamestown  Exposition.  This 
building,  like  most  of  the  others  on  the  exposition  ground,  was  a  tem- 
porary structure.  The  fuel-testing  plant  comprised  the  steam- 
engineering,  the  gas-producer,  the  briquetting,  the  Uquid-fuel  and  the 
research  divisions,  each  of  which  was  given  sufficient  floor  space  for 
its  apparatus  and  for  carrying  on  its  work. 

The  steam  plant  occupied  a  floor  space  of  about  54  by  54  feet. 
The  equipment  consisted  of  two  Heine  boilers  which  were  moved  from 
the  St.  Louis  plant,  and  one  Babcock  &  Wilcox  boiler  of  the  semi- 
marine  type.  One  of  the  Heine  boilers  was  set  up  with- a  Jones 
underfeed  stoker  and  the  other  with  a  hand-fired  furnace  and  plain 
grate.  The  Babcock  &  Wilcox  boiler  was  set  up  with  a  Roney  stoker. 
All  three  boilers  were  suppUed  with  mechanical  draft,  each  having  a 
separate  exhaust  fan.  Besides  these  fans  the  Sturtevant  pressure 
blower  used  in  the  St.  Louis  plant  was  so  installed  that  it  could  dis- 
charge air  into  the  ash  pits  of  the  hand-fired  Heine  boiler  and  the 
Babcock  &  Wilcox  boiler.  The  Jones  underfeed  stoker  was  served 
with  an  independent  pressure  blower  and  a  coal-feed  regulator. 
Pipe  connections  were  made  in  such  a  way  that  either  injectors  or  a 
steam  pump  could  be  used  for  feeding  the  boilers.  During  a  test  the 
injector  always  supplied  the  feed  water.  The  connections  were  such 
that  it  was  certain  that  all  the  water  weighed  was  fed  into  the  boiler 
and  that  unweighed  water  could  not  get  in. 

All  the  other  special  apparatus  and  instruments  used  in  the  steam- 
ing tests  at  the  St.  Louis  plant,  excepting  the  flue-gas  samplers,  were 
moved  to  the  Norfolk  plant  and  used  there.  The  flue-gas  samplers 
were  of  special  improved  design  and  were  constructed  at  the  plant; 
they  will  be  described  in  detail  later  on. 
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GENERAL  ARRANGEMENT  OF  TESTING  APPUANCB8  IN  THE   BOILBR  ROOM. 

Figure  3  shows  the  general  arrangement  of  the  testing  apparatus 
in  the  boiler  room  at  the  Norfolk  plant.  The  three  exhaust  fans 
were  placed  in  the  rear  of  the  boilers  upon  a  firm  wooden  platform 
which  was  somewhat  higher  than  the  top  of  the  highest  boiler  setting. 
A  stairway  leading  to  this  platform  made  the  fans  easily  accessible. 
Special  platforms  with  stairways  were  also  provided  on  top  of  each 
boiler,  which  facilitated  taking  the  calorimeter  readings  and  other 
observations  on  top  of  the  boilers.    The  water-weighing  apparatus 
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FiQUBB  3.— Plan  of  steam  plant  at  Norfolk,  Va. 

was  placed  on  platform  similar  to  that  used  at  St.  Louis.  A  dust- 
proof  room  14  by  16  feet  was  built  in  the  comer  of  the  boiler  room  and 
equipped  as  a  chemical  laboratory  for  analyzing  flue  gases.  The  same 
room  was  used  for  storing  reserve  instruments  and  log-sheet  blanks. 
The  instruments  were  mounted  on  a  board  on  a  wall  near  the  front 
of  boiler  No.  5.  There  were  no  storage  coal  bins,  the  coal  for  a  test 
being  piled  on  the  floor  back  of  the  scales,  from  which  place  it  was 
shoveled  by  hand  into  the  charging  car. 
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The  steam  generated  in  the  boilers  was  used  in  a  De  Laval  steam 
turbine,  which  was  connected  by  means  of  the  usual  high-speed  gear 
to  an  electric  generator  of  the  same  make.  The  current  from  the 
generator  was  used  by  the  various  motors  around  the  testing  plant. 
When  a  steaming  test  was  run  the  steam  pressure  in  the  boiler  was 
regulated  by  a  special  blow-off  pipe  which  exhausted  the  steam  from 
the  boiler  directly  into  the  atmosphere. 


The  same  two  Heine  boilers  were  used  for  all  tests  reported  in  this 
bulletin.     However,  at  various  times  considerable  changes  were  made 


in  their  settings.  Because  of  these  changes  it  was  necessary  to  make 
distinctions  and  to  designate  the  boilers  by  different  numbers  after 
each  radical  change. 

The  two  boilers  as  they  were  originally  set  up  at  St.  Louis  were 
designated  as  No.  1  and  No.  2.  The  Frost  boiler  was  called  boiler 
No.  3  The  arrangement  of  these  boilers  is  shown  in  figure  1 .  When 
testing  work  was  resumed  in  1905  the  plain  grate  of  boiler  No.  2  was 
replaced  by  a  McClave  rocking  grate  of  approximately  the  same  area; 
but  as  the  other  essentials  of  the  setting  remained  the  same,  the  boiler 
retained  its  designation  of  No.  2. 
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In  September,  1906^  boiler  No.  1  was  entirely  reset  vnth  a  specially 
designed  air-tight  setting;  it  was  then  designated  as  No.  4.  When 
the  fuel-testing  plant  was  moved  to  Norfolk,  Va.,  one  of  the  boilers 
was  set  up  with  a  Jones  underfeed  stoker  and  was  designated  as  No.  5. 
The  other  boiler  was  erected  with  a  standard  plain-grate  setting,  with 
the  exception  that  a  special  horizontal  baffle  was  inserted  among  the 
tubes.  This  boiler  was  designated  as  No.  6.  The  additional  Babcock 
&  Wilcox  boiler  in  the  Norfolk  steam  plant  was  set  up  with  a  Roney 
stoker  and  was  designated  as  No.  7.  Figure  3  illustrates  the  arrange- 
ment of  the  boilers. 

BOZUBB  HO.   1. 

The  dimensions  and  the  details  of  the  setting  of  boiler  No.  1  are 
shown  in  figure  4.  The  construction  of  the  boiler  proper  is  shown 
in  detail  in  figure  5.  Table  1  gives  the  principal  dimensions  of  the 
boiler  and  settings. 

Table  1. — Principal  dimentions  of  hmUr  No.  1. 

Commercial  nam« Heine  safety  boiler 

Type Horlsontal  water-tube 

Capacity  as*  rated  by  buildere horsepower. .  210 

Boiler: 

Length  of  steam  drum feet. .  21^ 

Inside  diameter  of  drum Inches. .  42 

Niunbo-  of  tubes 116 

Internal  diameter  of  tuben Inches. .  3. 26 

External  diameter  of  tubes do 3. 50 

Length  of  tubes  exposed feet. .  17A 

Water-heating  surfooe  of  tubes square  feet. .  1, 897 

Water-heating  surftice  of  water  legs do 91 

Water-heating  surfooe  of  steam  drum do 43 

Total  water-heating  surtMse do 2,031 

Total  water  apace cubic  feet..  287 

Steam  space '. do —  73 

Furnace: 

Kind  of  grate Plain. 

Length  of  grate feet. .  6.58 

Width  of  grate do....  6.16 

Dimensions  of  air  spaces inches. .  0. 5  by  17. 5 

Area  of  grate square  feet. ,  40, 55 

Ratio  of  grate  area  to  air  spaces 40  to  17 

Mean  height  of  furnace  above  grate inches. .  26 

Total  combustion  space,  Including  combustion  chamber cubic  feet. .  250 

Ratio  of  combustion  space  to  grate  area 6. 2 

Cross-sectional  area  between  tubes square  inches. .  1, 612 

Area  of  gas  entrance  to  tube  chamber do 1,070 

Area  of  gas  exit  from  tube  chamber do 640 

Depth  of  ash  pit  below  grate  surface inches. .  25 

Stack: 

Construction Steel,   supported    by 

guy  wires. 

Height  of  top  above  grate feet. .  113.26 

Diameter inches. .  37. 6 

Area  of  stack square  inches. .  1, 104 

When  there  was  3  inches  of  water  in  the  water  glass  the  boiler 
contained  16,800  poimds  of  water  at  70^  F.  Each  additional  inch 
of  water,  as  shown  by  the  water  glass,  was  equal  to  340  pounds. 
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These  figures  were  determined  by  calibrating  the  boiler  with  cold 
water  at  70^  F.  and  noting  the  height  of  water  in  the  gauge  glass  as 
the  water  was  drawn  from  the  blow-off  and  weighed. 

Setting, — ^The' details  of  the  setting  are  shown  in  figure  4.  The 
side  walls  were  20  inches  thick  up  to  the  top  row  of  tubes  and  con- 
tamed  a  2-inch  air  space;  above  that  they  were  13  inches  thick,  and 
solid.  On  the  inside  of  the  furnace  the  20-inch  walls  were  protected 
by  a  fire-brick  lining  about  6  inches  thick.  The  boiler  tubes  in  the 
lowest  row  were  inclosed  with  Cnshaped  tiles  for  their  entire  length, 
except  30  inches  in  the  rear  of  the  boiler  where  an  opening  was 
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FiGUBK  5.— Detaita  of  plain  grate  bars,  gas  path  through  boiler,  suction  tanks,  and  watei^weighlng  tanks. 

left  to  admit  the  gases  into  the  tube  chamber.  A  similar  opening 
was  left  in  the  baffle  on  the  top  row  of  tubes  in  the  front  of  the  boiler 
to  allow  the  gases  to  leave  the  tube  chamber  and  flow  under  the 
steam  drum  into  the  stack;  this  opening  was  only  18  inches  long. 
Thus  the  gases  traveled  the  usual  path  of  the  Heine  boiler  as  shown 
in  figure  5,  B.  The  furnace  was  entirely  lined  with  refractory  mate- 
rial, which  made  it  possible  to  develop  and  maintain  high  tempera- 
tures, and,  as  it  was  thought,  to  insure  perfect  smokeless  combustion. 
The  bridge  wall  in  front  was  built  to  within  11  inches  of  the  tile  roof. 
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Several  2-iiich  pipes  24  inches  long,  provided  with  caps  on  their  outer 
ends,  were  bricked  into  the  side  walls  in  order  that  observations  of 
gas  pressures  and  temperatures  at  the  important  places  inside  the 
setting  could  be  made.  Through  these  openings  sp^ial  gas  samples 
were  also  coUected.  The  location  of  these  pipe  peepholes  is  shown 
by  the  letters  A,  B,  C,  D,  E,  and  F  in  figure  5,  B. 

Gas-^mixing  arch. — ^A  special  fire-brick  structure  was  built  in  the 
combustion  chamber  about  18  inches  from  the  back  of  the  bridge 
wall.  The  object  of  this  arch  was  to  mix  the  volatile  combustible 
matter  with  the  air  and  thus  facilitate  con\bustion.  This  arch  soon 
melted  down  and  was  rebuilt  several  times  with  the  best  fire  brick 
obtainable,  but  it  never  lasted  long  enough  to  have  much  com- 
mercial significance.  A  detailed  discussion  of  this  arch  is  given  in 
Part  II  of  this  bulletin,  page  296. 

Hughes  smoke  preventer, — ^The  boiler  was  equipped  with  a  Hughes 
automatic  smoke  preventer,  a  device  that  after  each  firing  auto- 
matically admitted  air  above  the  fuel 


ym>m^m^^>^^^^  bed  and  at  the  same  time  opened 

1  I*— c»p-^  I  steam  jets  to  mix  the  air  with  the 

combustible  matter  driven  off  the 
freshly  fired  coal.  Both  the  air  and 
the  steam  jets  were  cut  off  slowly  by 
a  weighted  piston  working  in  a  cylin- 
der filled  with  oil.  The  slow  motion 
of  the  piston  was  obtained  by  passing 
the  oil  through  a  small  pipe  containing 
a  valve;  by  regulating  this  valve  the 
tune  during  which  the  steam  jets  and 
pit  doors  ^YiQ  ^  dampers  remained  open  could 

FiGU»E  6.— ArrnngBiimnt  of  rteam  piping  under  ,  !•      j.   j  ji     •      j        rm.         j. 

gntesofboU6nNos.i,3,aiid4.  oe  adjustea  as  aesu*ea.     Ine  steam 

jets  were  not  used,  but  the  damper 
doors  for  admission  of  air  were  operated  on  most  of  the  tests  in 
accordance  with  the  judgment  of  the  man  in  charge  of  the  fire.  Tlie 
same  effect  might  have  been  obtained  by  leaving  the  fire  doors 
slightly  open  for  about  two  minutes  after  each  firing. 

Grate. — ^The  grate  consisted  of  single  bars  illustrated  in  figure  5,  A. 
They  were  one-half  inch  wide  and  constructed  to  give  an  air  space  of 
one-half  inch 

Steam  in  the  ash  pit. — During  the  first  few  tests  much  trouble  was 
experienced  from  clinker  sticking  to  the  grate  bars.  *  It  was  decided, 
therefore,  to  put  a  system  of  piping  in  the  ash  pit  and  admit  steam 
imder  the  grate.  This  pipe  arrangement  is  shown  in  figure  6.  The 
use  of  steam  in  the  ash  pit  was  preferred  to  water  inasmuch  as  it  was 
desired  to  keep  the  ash  dry.  Live  steam  was  used  because  the 
piping  was  much  simpler  than  if  exhaust  steam  were  to  be  used. 


RIMETER  CONNECTIONS  Ti 
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The  steam  thus  used  was  not,  however,  charged  to  the  coal  under 
test  m  any  case.  This  use  of  steam  under  the  grate  reduced  the 
difficulty  arising  from  clinkier. 

Stack, — The  stack  was  made  of  steel  and  rested  on  a  suitable  hood 
placed  over  the  rear  wall  of  the  boiler,  which  provided  a  direct  gas 
passage  into  the  stack.  The  stack  was  37.5  inches  in  diameter  and 
113.25  feet  high  above  the  grate.  A  damper  was  placed  in  the 
cylindrical  portion  immediately  above  the  hood.  Wires  were  run 
from  the  damper  over  suitable  pulleys  to  the  front  wall  of  the  boiler 
room,  where  they  were  within  easy  reach  of  the  man  in  charge  of  the 
fire. 


Suction  tank 
FlouKB  7.— Side  ylew  of  setting  of  boiler  No.  1,  showing  arnrngement  of  piping,  tanks,  etc. 

Steam  pipes, — The  steam  pipes  from  the  boiler  to  the  header  are 
illustrated  in  figures  7  and  8  and  Plate  1 ,  ^ .  Steam  was  taken  from  the 
boiler  through  a  tee  and  a  short  section  of  6-inch  pipe  in  which  was 
placed  a  calorimeter  nipple.  A  safety  valve  was  connected  to  the 
outlet  of  the  tee.  All  steam  pipes  and  the  feed  and  water  pipe  from 
the  injector  were  covered  with  good  sectional  pipe  covering.  The 
steam  pipe  leading  to  the  Corliss  engine  contained  a  separator  placed 
about  18  inches  above  the  throttle  valve. 

bohiBb  ho.  s. 

Boiler  No.  2  was  at  first  exactly  like  boiler  No.  1  with  respect 
to  construction  and  setting,  so  that  the  description  of  boiler  No.  1 
applies  to  boiler  No.  2.     In  1905,  sqqu  after  the  testing  work  was 
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resumed,  the  plain  grate  of  the  boiler  was  replaced  by  a  McClave  rock- 
ing grate  arranged  in  four  sections  of  somewhat  smaller  area.  This 
grate  was  6.07  feet  long  by  6  feet  wide,  and  had  an  area  of  36.4  square 
feet.  The  air  spaces  in  the  grate  occupied  30  per  cent  of  the  total 
area.  Other  details  of  the  boiler  setting  remained  the  same,  and 
therefore  its  designation  was  not  changed. 


bohiXb  no.  3. 


No  official  tests  were  made  on  boiler  No.  3,  and  therefore  its  de- 
scription need  not  be  given  here. 


\  Fluc-gas 

t 

1  sampler 


Fionrns  8.— Top  view  of  piping,  tanks,  eto.,  bciler  No.  1. 

BOXLMR  NO.  4. 

Boiler  No.  4  was  boiler  No.  1  reset  in  a  specially  designed  air-tight 
setting.  The  setting  as  described  under  boiler  No.  1  and  illustrated 
in  figure  4  was  in  use  from  August,  1904,  to  August,  1906.  During 
this  time  it  was  believed  that  a  considerable  quantity  of  air  filtered 
into  the  setting  through  the  brick  wall,  although  a  man  was  almost 
constantly  employed  in  stopping  and  painting  over  any  visible  cracks. 

It  was  further  believed  that  if  these  leaks  were  absolutely  prevented 
the  over-all  efficiency  would  be  raised,  and  more  accurate  analyses  of 
the  flue  gases  could  be  made  on  which  to  base  reliable  heat  balances. 
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It  was  desired  particularly  to  obtain  accurate  heat  balances.  Accord- 
ingly, in  August,  1906,  a  specially  designed  boiler  setting  was  built 
and  entirely  inclosed  in  an  air-tight  sheet-iron  casing.  The  latter 
was  made  of  No.  16  sheet  iron  and  bolted  t(^ether  with  i-inch  machine 
bolts,  the  lap  joints  being  made  air  tight  by  putting  tar  roofing  paper 
between  the  metal  plates.  The  whole  structure  of  the  casing  was 
kept  in  shape  and  in  place  by  stiffeners  of  2-inch  angle  iron. 

The  side  wall  of  the  settiHig  consisted  of  two  entirely  independent 
walls,  separated  by  a  1-inch  air  space.  The  inner  wall  was  9  inches 
thick  and  was  built  entirely  of  fire  brick.  The  outer  wall  was  8  inches 
thick  and  was  built  of  special  hollow  tiles.  These  tiles  were  10  inches 
long,  8  inches  wide,  and  4  inches  high,  and  had  two  air  spaces  each  3i 
inches  square,  running  lengthwise.  Figure  8  shows  the  construction 
of  the  side  walls. 

The  sheet-iron  casing  was  placed  5  inches  from  the  outside  of  the 
hollow  tUe  wall  so  that  there  were  four  air  spaces  between  the  inner 
wall  and  the  sheet-iron  casing.  The  top  of  the  casing  was  about  4 
inches  higher  than  the  highest  point  of  the  steam  drum.  In  the  rear 
the  top  was  fitted  under  the  sheet-iron  hood  of  the  stack.  In  the 
front  and  in  the  rear  access  to  the  boiler  was  had  by  suitable  doors  in 
the  casing,  which  were  kept  air  tight  by  rubber  gaskets. 

Furnace. — While  this  special  setting  was  being  erected  some 
changes  were  introduced  in  the  construction  of  the  furnace.  The 
grate  was  lowered  4  inches,  with  the  object  of  obtaining  more  space 
between  the  grate  and  the  roof  of  the  furnace,  so  that  a  thicker  fuel 
bed  could  be  used  when  burning  briquets.  To  enable  the  fireman  to 
control  the  top  of  the  fuel  bed,  the  front  of  the  furnace  was  made  with 
double  firing  doors  one  above  the  other.  It  was  the  intention  to  use 
the  upper  doors  with  thick  fuel  beds,  and  the  lower  doors  with  thin 
fuel  beds.  The  combustion-chamber  mixing  arch  as  previously  used 
was  abandoned;  instead  of  it  eight  piers  of  small  fire  brick  were  built 
on  top  of  the  bridge  wall,  as  shown  in  figure  8.  These  piers  had  sev- 
eral advantages  over  the  mixing  wall.  They  were  easier  to  build, 
cost  less,  and  lasted  longer.  It  would  seem  that  another  advantage 
of  these  piers  was  that  the  mixing  of  the  gases  was  done  closer  to  the 
grate,  giving  the  mixture  more  space  in  which  to  burn  and  more  time 
for  complete  combustion.  However,  this  was  not  so,  because  after 
the  mixture  left  the  piers,  it  passed  in  a  straight  line  into  the  openings 
among  the  tubes  of  the  boiler.  The  mixing  wall  in  the  combustion 
chamber  diverted  the  gases  from  a  straight  line,  making  their  path 
longer  and  thus  making  more  of  the  combustion  space  effective. 

Five  openings  into  the  furnace  were  provided  on  each  side  of  the 
setting  for  the  purpose  of  measuring  temperatures  and  sampling  gases. 
lliese  openings  were  made  by  bricking  into  the  walls  pieces  of  iron 
pipe  about  30  inches  long  with  two  threaded  flanges  and  a  cap  on  the 
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outside  end.  An  air-tight  joint  with  the  casing  around  each  pipe  was 
obtained  by  means  of  the  two  flanges.  When  any  of  these  openings 
were  not  in  use  they  were  kept  closed  by  the  threaded  caps. 

The  dimensions  and  other  features  of  this  special  setting  wero  the 
same  as  in  the  setting  of  boiler  No.  1. 

BOZIiBB  XrO.  6. 

Boiler  No.  2  of  the  St.  Ijouis  plant  was  set  up  at  Norfolk  with  a 
Jones  underfeed  stoker  and  designated  as  boiler  No.  5.  Figure  9 
illustrates  the  boiler  and  its  setting. 

Stoker, — The  underfeed  stoker  is  a  device  that  feeds  fresh  coal 
into  a  horizontal  retort  underneath  the  fuel  that  has  ah-eady 
ignited.  The  retort  is  in  the  middle  of  the  furnace  and  extends  from 
the  front  furnace  wall  nearly  to  the  bridge  wall.  The  fuel  bums  in 
a  heap  and  the  refuse,  which  is  generally  mdted,  slides  to  the  sides 
of  the  furnace  and  must  be  pulled  out  with  a  hook  through  the  doors 
provided  for  this  purpose  in  the  front  of  the  furnace.  The  air  neces- 
sary for  the  combustion  of  the  coal  is  admitted  under  pressure  through 
numerous  small  openings  at  the  top  of  the  sides  of  the  retort.  The 
method  of  introducing  the  air  is  not  imlike  that  used  in  the  black- 
smith forge,  the  air  entering  the  retort  in  two  opposite  rows  of  jets. 
The  coal  is  pushed  beneath  the  burning  heap  of  fuel  in  comparatively 
large  charges  by  a  plunger  operated  by  a  steam-actuated  piston  in  a 
cylinder  similar  to  that  of  a  steam  engine.  This  feeding  mechanism 
is  controlled  by  an  automatic  device.  On  each  side  of  the  retort  is  a 
dead  plate  with  no  perforations;  all  the  air  is  added  either  through 
the  tuyeres  or  the  cleaning  doors. 

Setting. — ^The  details  of  the  setting  are  illustrated  in  figure  9.  The 
boiler  was  set  2  J  feet  higher  than  it  was  when  equipped  with  the 
hand-fired  furnace.  The  walls  were  built  and  the  baf&es  inserted 
exactly  in  the  same  way  as  described  in  connection  with  boiler  No.  1 . 

Oas-mixing  arch. — There  was  no  gas-mixing  structure  in  the  com- 
bustion chamber  of  this  boiler. 

Draft — The  pressure  drops  C* draft")  were  produced  by  fans.  An 
exhaust  fan  was  placed  between  the  hood  and  the  stack,  which  ex- 
hausted gases  from  the  setting.  The  reduction  in  pressure  in  the 
hood  could  be  regulated  by  controlling  the  speed  of  the  fan ;  this  was 
done  by  adjusting  the  governor  of  the  engine  driving  the  fan.  The 
I)ressure  could  be  further  regulated  by  means  of  a  damper  placed  in 
the  flue  between  the  fan  and  the  hood. 

The  Jones  underfeed  stoker  made  necessary  the  use  of  a  pressure 
fan  also.  This  fan  was  direct-connected  to  a  5  by  5  inch  steam 
engine.  The  speed  of  the  fan  and  consequently  the  pressure  of  air 
entering  the  tuyeres  was  regulated  by  an  automatic  device  which  also 
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controlled  the  fuel  supply  so  that  the  man  running  the  fire  was  left 
free  to  operate  the  damper. 

Steam  pipe. — The  steam,  pipe  between  the  boiler  and  the  header 
was  similar  to  that  illustrated  in  figure  7,  with  the  exception  that  the 
vertical  section  of  the  pipe  containing  the  calorimeter  nipple  was  4 
feet  long.  All  steam  pipes  and  the  feed-water  pipe  from  the  injector 
were  covered  with  sectional  pipe  covering. 

Table  2. — Principal  dimennons  of  bailer  No.  5. 

Commercial  name Heine  safety  boiler. 

Capacity  as  rated  by  bailders,  horsepower 210 

Boilen 

Dimensioiis  same  as  given  for  boiler  No.  1  in  Table  1 ,  pai;e  18. 

Fnmaoe: 

Kind  of  stoker Jones  underfeed. 

Length  of  fiimaoe  from  tranX  furnace  wall  to  bridge  wall feet. .         6. 3 

Width  of  furnace  between  side  walls do 6. 2 

Length  of  retort do  —         5 

Width  of  retort do....         1.125 

Area  of  retort square  feet. .         6. 625 

Dimensions  of  air  openings inches. .  0.5  by  2.25 

Total  area  of  air  openings square  inches. .       72. 25 

Average  height  of  furnace inches. .       45 

Total  combustion  space  including  combustion  chamber cubic  feet. .      425 

Cro8»«ectional  area  between  tubes square  inches. .  1, 612 

Areaaf  gas  entrance  to  tube  chamber do 1,070 

Area  of  gss  exit  fkom  tube  chamber do 640 

Pressure  fon: 

Driven  by  a  5  by  5  inch  steam  engine  direct-connected  to  shaft  of  fan. 

Maker  of  fan A  tnrrican  Blower  Co 

Diameter  of  casing feet. .         9 

Width  of  casing Inches..       24 

Dameter  of  wheel feet. .         8. 3 

Approximate  number  of  revolutions  when  boiler  ran  at  rated  capacity 400 

Exhiustfui: 

Driven  by  a  6  by  5  inch  steam  engine  direct-connected  to  fan. 

Diameter  of  easing feet . .         7 

Width  of  casing inches . .       36 

Diameter  of  wheel feet. .         5. 5 

Diameter  of  gas  inlet inches. .       42 

Diameter  of  gas  outlet do 36 

Approximate  number  of  revolutions  when  boOer  ran  at  rated  capacity 400 

Length  of  Hue  from  boiler  to  fim feet. .       10 

Diameter  of  flue inches. .       42 

Stack: 

Constmctton Steel  supported  by  guy  wires. 

Height  above  grate feet . .       60 

Height  above  center  of  exhaust  fan do 40 

Diameter inches . .       36 

Area  of  cross  section square  inches. .  1,018 

bohjBb  no.  0. 

Boiler  No.  4  of  the  St.  Louis  plant  when  moved  to  Norfolk  was  set 
up  with  a  hand-fired  furnace  and  designated  as  boiler  No.  6.  The 
walls  were  built  of  the  same  material  as  they  were  at  the  St.  Louis 
plant  and  the  setting  was  inclosed  in  the  same  sheet-iron  casing. 
The  grate  was  raised  to  the  same  height  that  it  had  in  the  standard 
setting  of  boilers  Nos.  1  and  2,  and  the  standard  cast-iron  furnace 
front  having  three  single  filing  doors  was  used  in  place  of  the  one  of 
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special  design.  The  furnace  had  the  usual  tile  roof  made  of  flat- 
bottomed  tube  tiles.  The  setting  of  boiler  No.  6  is  illustrated  in 
figure  10. 

Baffling, — The  special  feature  of  this  setting  was  the  double  path 
for  the  gases  through  the  tube  space  of  the  boiler.     This  double  path 
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ELAH  t^OVE  FLOOR  QUE 
FiQTTBE  10.— Setting  of  bofler  No.  6. 


was  obtained  by  inserting  an  additional  horizontal  baffle  between  the 
seventh  and  eightli  horizontal  row  of  tubes.  This  baffle  divided  the 
tube  space  mto  two  unequal  portions  or  chambers.  The  baffle  and 
the  path  of  the  gases  are  illustrated  in  figure  10.  The  gases  entered 
the  tube  space  in  the  rear  of  the  boiler  and  flowed  tmder  the  inserted 
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baffle  to  the  front  of  the  boiler,  coming  in  contact  only  with  the  lower 
six  rows  of  tubes,  not  counting  the  one  which  supported  the  tile  roof. 
At  the  front  of  the  boiler  the  gases  entered  the  upper  portion  of  the 
tube  space  and  flowed  to  the  rear  of  the  boiler,  where  they  passed 
into  the  hood  and  out  into  the  stack,  not  coming  in  contact  with  the 
steam  drum,  except  a  small  part  of  it  in  the  rear  of  the  boiler. 
This  method  of  baffling  puts  the  heating  surface  of  the  tubes  in 
the  two  passes  in  series,  which  arrangement  causes  a  greater  heat 
abstraction  from  the  gases.  This  advantage  is  discussed  more  fuUy 
in  Part  11  of  this  bulletin  under  the  caption  '^  Principles  involved 
in  heat  transmission  in  steam  boilers."  To  insert  tl^  additional 
baffle,  the  eighth  horizontal  row  of  tubes  was  taken  out  and  the  tiles 
forming  the  middle  baffle  were  placed  on  top  of  the  seventh  row 
through  an  opening  in  the  side  waU.  This  method  of  baffling  Heine 
boilers  was  devised  by  W.  L.  Abbott  and  A.  Bement  of  the  Common- 
wealth Edison  Co.  of  Chicago. 

OcLs^mixing  piers, — ^There  was  no  gas-mixing  structure  in  the  com- 
bustion chamber  of  this  boiler  setting.  However,  a  number  of  piers 
of  small  fire  brick  similar  to  the  piers  used  in  the  setting  of  boiler 
No.  4  were  built  on  top  of  the  bridge  waU,  which,  perhaps,  served  the 
same  purpose  as  weU.  The  location  and  construction  of  these  piers 
is  illustrated  in  figure  10. 

Draft — ^The  pres&ure  drops  (''draft")  were  produced  by  an  exhaust 
fan  placed  between  the  hood  and  the  stack.  A  pressure  fan  was  also 
connected  to  the  ash  pit  so  that  air  under  pressure  could  be  supplied 
to  the  latter  when  desired.  The  engine  driving  the  exhaust  fan  was 
equipped  with  a  centrifugal  governor  that  could  be  adjusted  to 
obtain  any  desired  speed  within  certain  limits.  Besides  this  regula- 
tion of  the  fan  the  gas  pressures  (drafts)  could  be  controlled  by  a 
damper  placed  in  the  flue  connecting  the  hood  with  the  fan.  When 
using  the  pressure  fan,  the  air  pressure  in  the  ash  pit  was  controlled 
partly  by  a  throttle  valve  on  the  fan  engine  and  partly  by  a  damper 
controlling  the  admission  of  air  into  the  ash  pit. 

Steam  pipes. — ^The  method  of  piping  the  steam  into  the  header  was 
the  same  as  illustrated  in  figure  7.  On  this  boiler  the  vertical  section 
of  the  pipe  containing  the  calorimeter  nipple  was  6 J  feet  long.  All 
steam  pipes  and  the  feed-water  pipe  from  the  injector  were  covered 
with  sectional  pipe  covering. 

TabiiE  3. — Principal  dimensions  of  boiler  No.  6. 

Commercial  name Heine  safety  boiler. 

Oapactty  as  rated  by  buflders , horsepower . .      210 

Bofler 

Water-beating  surCaoe  of  tabes square  feet. .  1, 897 

Water-beatiDg  saifaoe  of  water  legs do  —       91 

Total  effectiye  water-heating  surfiace do 1,988 

Otber  dimensions  same  as  for  boiler  No.  1. 


28  ^  STEAMING  TESTS  OP  COALS. 

Furnace: 

Type Hand  fired. 

Kind  of  grate. Plain. 

Length  of  grate fcet..        fi.5 

Width  of  grate do....         «.! 

Area  of  grate square  feet. .       39. 7 

Dimensions  of  air  spaces inches..  0.6  by  17.5 

Ratio  of  grate  area  to  air  spaoes 40  to  17 

ICean  height  of  ftimaee  above  grate Inches..       2B 

Total  oombootion  apace,  inelndlng  oombiistkm  cliamber cvMc  fast. .      175 

Ratio  of  combustion  space  to  grate  area 4.41 

CToos-oectional  area  between  tubes square  Inches . .  1 ,  612 

Area  of  gas  entnnoe  to  flXBt  pass  in  the  tube  chamber da....  1,070 

Area  of  gas  entrance  from  first  pass  into  second  pass do 866 

Area  of  gas  entrance  from  second  inss  into  hood do 713 

Depth  of  ash  pit  below  grate inches..       96 

Fans: 

Exhaust  fan  driven  by  a  5  by  5  inch  steam  engine  direct  connected  to  fan. 

liakerof  iiui The  Green  Fuel  SoononiMr  Co. 

Diameter  of  casing feet. .         7 

Width  of  casing. inches . .       38 

Diameter  of  gas  inlet. do 42 

Diameter  of  gas  outlet do 36 

Approximate  number  of  revolutions  when  boiler  ran  at  rated  capacity 400 

Length  of  flue  from  boiler  to  fan feet. .       10 

Diameter  of  flue inches. .       42 

Pressure  fan  driven  by  4  by  4  inch  steam  engfne  direct  connected  to  fim. 

Maker  of  fan B.  F.  Sturteivsat  Co. 

Diameter  of  casing feet..         4.5 

Width  of  casing todies..       22 

Diameter  of  air  inlet do....       30 

Diameter  of  air  outlet do 22 

Approximate  number  of  revolutions  when  boiler  ran  at  rated  capacity AOO 

Length  of  air  duct  from  fan  to  ash  pit feet..       25 

D  iameter  of  air  duct inches. .       24 

Stack: 

Same  as  for  boiler  No.  5. 

OTHER  APPLIANCES   USED   IN   STEAMING  TESTS. 

WEI&HINO  8CALBS. 

All  four  scales  were  furnished  by  Fairbanks,  Morse  &  Co.  The 
two  scales  for  weighing  water  were  of  1,000  pounds  capacity.  They 
were  set  on  a  platform  4  feet  high.  The  scales  were  calibrated  with 
a  50-pound  standard  weight  and  a  tank  of  water  and  were  found 
correct. 

The  two  scales  used  for  weighing  coal  were  of  2,000  pounds  capacity. 
They  were  set  in  front  of  the  boilers  with  their  platforms  flush  with 
the  floor  of  the  boiler  room. 

WATBR-WBIGHINO  TANKS. 

The  water  fed  into  the  boilers  was  weighed  in  two  tanks  specially 
designed  and  constructed  for  the  purpose.  These  tanks  are  illus- 
trated in  figure  5,  D.  They  were  made  of  galvanized  iron.  The 
special  feature  of  these  tanks  was  the  funnel-shaped  bottom  and  the 
inverted-funnel  top.    This  shape  of  the  top  and  bottom  permitted 
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accurate  filling  and  quick  emptying.  The  outlets  of  these  tanks  were 
provided  with  quickH>p«uiig  gate  yalves.  The  capacities  of  the  two 
tanks  were  634  and  633  pounds  of  water  at  about  60^  F.  Owing  to 
the  small  necks  of  these  tanks,  any  possible  variation  in  the  height 
of  the  water  above  the  overflow  was  so  small  that  it  could  not  be 
detected  with  the  scales. 

SUCTION  TANKS. 

The  meamired  water  was  dischai^d  into  two  suction  tanks  placed 
on  the  floor,  as  iDustrated  in  figure  7.  Figure  5,  C,  illustrates  the 
details  of  the  suction  tanks.  They  were  made  of  galvanized  iron 
and  were  stiffened  at  the  bottom  and  at  the  top  with  1-inch  angle 
irons.  These  tanks  were  equipped  with  floats  which  indicated  the 
height  of  water  in  the  tanks  at  all  times.  A  difference  of  1  inch  in 
the  height  of  water  in  each  tank  was  equal  to  59  pounds  of  water. 

CHABOINO  CAB. 

The  coal-charging  car  was  built  entirely  of  steel;  the  size  of  the 
box  holding  the  coal  was  54  by  30  by  13  inches.  One  side  of  this  box 
was  hinged  and  could  be  lowered  to  make  charging  more  convenient. 
The  capacity  of  this  car  was  700  pounds  of  soft  coal. 

SAMFUNO  CANS. 

Four  sample  cans  were  provided  for  keeping  samples  of  the  coal 
and  ash.  They  were  18  inches  in  diameter  and  30  inches  high. 
They  were  made  of  galvanized  iron  and  provided  with  close-fitting 
covers. 

FLUB-QAS  SAMPLERS. 

In  sampling  the  flue  gases  it  was  important  that  the  sample  col- 
lected should  represent  the  average  composition  of  the  stream  of 
gas  leaving  the  boiler  setting.  To  obtain  such  a  representative  sam- 
ple, all  the  boilers  previously  described  were  equipped  with  special 
devices. 

Boilers  Nos.  1  and  2  were  provided  with  gas  samplers  reconunended 
by  the  code  of  the  American  Society  of  Mechanical  Engineers.  These 
apparatus  were  constructed  beforehand  and  installed  while  the  two 
settings  were  being  erected.  Details  of  construction  are  given  in 
figure  11. 

The  sampler  consisted  essentially  of  a  thin  box  of  galvanized  sheet 
iron.  The  width  and  length  of  this  box  was  the  same  as  the  inside 
dimensions  of  the  brick  smoke  flue  supporting  the  hood  of  the  stack. 
From  this  box  85  pieces  of  standard  J-inch  pipe  each  5  feet  long  led 
to  the  flue  and  were  so  placed  as  to  give  one  opening  for  each  40 
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square  inches  of  flue  area.  These  pipes  were  all  of  the  same  length 
and  the  ends  were  cut  square,  to  insure  the  same  flow  of  gas  through 
all  of  them.  They  were  bricked  into  the  rear  wall  of  the  flue  about 
7  inches  below  the  top.  The  location  of  the  sampler  with  respect 
to  the  setting  is  shown  in  figure  7.  As  these  pipes  had  to  be  adjusted 
to  the  right  place  in  the  flue  area  before  the  last  three  courses  of  brick 
were  laid,  it  was  impractical  to  have  the  pipes  soldered  into  the  box, 
therefore  the  side  of  the  box  through  which  these  pipes  passed  was 
provided  with  a  Up  forming  a  narrow  trough.  The  pipes  fitted  snugly 
into  the  holes  in  the  hp  and  the  side  of  the  box  and  an  air-tight 
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FiocKi  11.— Detalli  Dl  gaa-iuDpUiig  device  used  wUh  bollcts  Nn.  1  and  2. 

joint  was  obtained  by  filling  the  trough  with  plaster  of  Paris.  As 
an  additional  precaution  against  leakage  of  air,  a  thin  layer  of  pitch 
was  spread  over  the  plaster.  The  method  of  making  this  joint  ia 
illustrated  in  the  lower  left-hand  comer  of  figure  11. 

From  the  sample  box  four  1-inch  pipes  led  to  a  3-inch  cube  of 
galvanized  iron,  and  out  of  this  cube  the  gas  was  drawn  through  a 
single  f-inch  pipe  connected  to  a  water  aspirator.  The  object  of 
the  four  1-inch  pipes  and  the  cube  was  to  draw  gases  from  four 
different  portions  of  the  box  and  mix  them  in  the  cube  before  finally 
collecting  them  for  chemical  analysis.  The  aspirator  caused  a  con- 
tinuous flow  of  gases  through  the  {-inch  pipe. 
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The  method  of  collecting  samples  of  gas  for  chemical  analyses  is 
iUustrated  in  figure  12. 

A  tee  was  fitted  in  the  pipe  leading  from  the  cube  to  the  aspirator 
and  from  the  extra  opening  of  this  tee  the  gas  sample  was  drawn 
through  a  filter  into  a  collecting  bottle.  The  "  suction"  was  produced 
by  first  filling  the  collecting  bottle  A  and  the  glass  tube  connecting 
it  to  the  filter  with  water  and  then  siphoning  the  water  through  a 
flexible  rubber  tubing  into  an  empty  collecting  bottle  B,  placed  on 
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Figure  12.— Apparatus  for  ooHecting  gas  samples. 

a  lower  level.  As  the  water  level  in  A  dropped,  a  vacuum  was  formed 
above  it  and  the  gas  rushed  in  through  the  filter  and  the  cock  C  from 
the  continuous  stream  of  gas.  The  filter  was  placed  in  the  connections 
to  separate  the  soot  from  the  gas,  thus  preventing  it  from  entering 
and  clogging  the  capillary  tubes  of  the  analyzing  apparatus.  The 
rate  at  which  the  gas  flowed  into  the  bottle  A  could  be  adjusted  by 
the  pinch  cock  P,  so  that  the  time  of  collecting  the  gas  sample  could 
extend  over  any  desired  period.  At  the  end  of  each  period  of  collecting 
the  sample  the  pinch  cocks  P  and  R  and  also  the  cock  C  were  closed 
the  connections  between  the  filter  and  the  rubber  tubing  carrying  R 
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were  separated,  and  another  pair  of  collecting  bottles  was  attached 
and  the  cocks  properly  adjusted  for  the  collection  of  the  next  sample. 
The  gas  sample  in  A  was  then  forced  into  an  Orsat  or  other  chemical 
apparatus  and  analyzed.  By  these  means  the  average  composition 
for  any  desired  period  could  be  obtained. 

The  gas-sampling  device  illustrated  in  figure  11  is  too  elaborate, 
is  rather  difficult  to  install,  and  in  a  majority  of  cases  would  be 
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FiGuns  13.— Fhie-gas  .sampler  installeU  in  boiler  No.  4. 

impracticable,  therefore  a  single-tube  sampler  was  placed  in  the 
hood  and  samples  drawn  from  it  were  analyzed  and  compared  with 
the  samples  drawn  through  the  box  sampler.  The  results  of  these 
experiments  are  given  and  discussed  in  Part  II,  page  295.  This 
single-tube  sampler  was  of  J-inch  iron  pipe  7  feet  long,  plugged  at 
one  end  and  perforated  with  iV-inch  holes  6  inches  apart,  the  holes 
being  on  the  side  away  from  the  stream  of  gas  to  prevent  soot  from 
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filling  them.  The  sample  of  gas  was  drawn  from  this  sampler  by 
means  of  an  aspirator  and  two  leveling  bottles,  as  described  on 
page  31. 

Boiler  No.  4  was  equipped  with  the  gas-sampling  deyice  illustrated 
in  figure  13. 

The  object  of  this  design  of  sampler  was  to  obtain  gas  from  Tarious 
parts  of  the  stack  and  mix  the  gas  before  its  temperature  was  taken 
and  a  sample  drawn  for  analy- 
sis. The  sampler  was  made  of 
Xo.  16  sheet  iron  and  consisted 
of  a  vertkal  cylinder  5  inches 
in  diameter,  to  which  were  con- 
nected, by  means  of  a  double- 
cone  shaped  body,  six  scoops 
making  an  angle  of  45^  with  the 
axis  of  the  cylinder.  The  di- 
mensions of  the  cross  section 
of  these  scoops  were  2}  l^  3 
indies.  In  the  bottom  of  each 
scoop  was  a  Vnshaped  opening 
which  diminished  toward  the 
center  of  the  sampler,  as  illus- 
trated in  the  bottom  view  of 
the  device  in  figure  13. 

Tlie  sampler  was  placed  in 
the  round  portion  of  the  stack 
about  2  feet  below  the  damper, 
the  ends  of  the  scoop  being 
about  4  inches  above  the  top  A— 
of  the  hood.  The  largest  diam- 
eter of  the  scoop  was  about  6 
inches  smaller  than  the  diam- 
eter of  the  stack.  The  sample 
of  gas  was  drawn  through  a 
1-inch  pipe,  the  end  of  which 
was  placed  in  the  center  of  the    J^'oo»«  i4.-Loc»tton»iidcoMtniotioiiof  gasBamptar 

i<     1  rm       1     11        *  in  boilers  No.  5  and  0. 

cylinder.     The  bulb  of  a  mer- 
cury thermometer  was  also  placed  in  the  center  of  the  cylinder  about 
2  inches  above  the  gas-sampling  tube. 

This  construction  of  the  gas  sampler  permitted  accurate  deter- 
mination of  the  average  flue-gas  temperatures,  as  well  as  the  collec- 
tion of  average  flue-gas  samples.  To  prevent  the  cooling  of  the 
gases  by  radiation  after  they  had  left  the  heating  surface  of  the 
boiler,  the  hood  and  the  base  of  the  stack  were  covered  with  a  layer 
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of  asbestos.  At  the  end  of  five  months'  service  this  sampler  was 
found  in  perfect  order  in  every  respect  and  free  from  soot  inside. 

The  gas  was  collected  in  the  same  manner  as  described  in  connec- 
tion with  figure  12. 

The  two  gas  samplers  used  with  boilers  Nos.  5  and  6  were  con- 
structed on  the  same  principle  as  the  one  just  deiscribed.  On  account 
of  the  exhaust-fan  installation,  the  gas  samplers  in  these  two  boilers 
were  placed  in  the  rectangular  brick  flues  supporting  the  hoods. 
This  location  necessitated  some  changes  in  the  details  of  construction 
of  the  samplers.  Figure  14  illustrates  their  location  in  the  flues  and 
their  construction.  The  two  samplers  were  exactly  alike.  The 
body  of  each  was  a  frustum  of  a  cone  provided  with  a  bottom  and 
open  at  the  top.  Into  the  bottom  were  fitted  eight  cylindrical  scoops 
about  3  inches  in  diameter  and  about  3  feet  long,  which  were  open 
only  at  their  ends. 

The  scoops  were  so  arranged  that  four  of  them  collected  gases 
from  one  side  of  the  drum  and  four  from  the  other  side,  as  illustrated 
in  figure  14.  A  cap  was  attached  to  the  top  of  the  cone  about  4 
inches  above  the  opening.  The  object  of  the  cap  was  to  screen  the 
thermometer  bulb  placed  in  the  cone  so  that  the  bulb  could  not 
radiate  heat  to  the  cold  sheets  of  the  hood  above  the  sampler.  The 
gas  tube  and  the  thermometer  were  placed  in  the  cone  of  the  sampler, 
as  illustrated  in  figure  14.  The  gas  tube  was  extended  into  the 
chemical  laboratory  (see  fig.  3)  and  connected  to  a  water  aspirator 
which  induced  a  continuous  flow  of  gas  through  the  tube.  Samples 
of  gas  were  collected  as  described  on  page  31. 

ORSAT  APPARATUS. 

The  Orsat  apparatus  consisted  of  the  usual  measuring  barrel  and 
three  pipettes  for  the  absorbing  solutions.  The  measuring  barrel 
was  graduated  to  0.2  c.  c.  The  absorption  pipettes  were  provided 
with  flexible  rubber  sacks  which  prevented  fresh  air  from  coming  in 
contact  with  the  solutions  and  weakening  them.  The  solutions  used 
were  potassium  hydroxide  for  the  determination  of  CO,,  pyrogallic- 
acid  solution  in  potassium  hydroxide  for  the  determination  of  O,,  and 
cuprous  chloride  solution  for  the  determination  of  CO.  The  Orsat 
apparatus  is  shown  in  Plate  I,  B. 

FLUE-OA8  THERMOMETERS. 

The  mercury  thermometers  used  for  the  determination  of  flue-gas 
temperature  had  compressed  nitrogen  gas  above  the  mercury  columns 
and  could  be  used  for  temperatures  up  to  1,000°  F.  The  stems  were 
about  30  inches  long  and  were  graduated  for  about  12  inches.  These 
thermometers  were  made  by  the  Hohmann  &  Maurer  Manufactur- 
ing Go. 
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The  recording  flue-gas  thermometer  was  essentially  an  air  ther- 
mometer. It  consiBted  of  an  air  bulb  which  was  connected  by  a  small 
copper  tube  about  50  feet  long  and  about  0.5  mm.  in  inside  diameter  to  a 
sensitive  pressure  gage.  The  volume  of  air  in  the  bulb  was  very  large 
compared  to  that  in  the  small  copper  tube.  The  bulb  of  the  ther- 
mometer was  placed  io  the  hood,  and  as  the  air  was  heated  it  expanded 
and  the  increase  in  pressure  due  to  the  increase  in  temperature  was 
transmitted  through  the  tube  to  the  recording  gage.  The  pressures 
were  recorded  on  a  circular  sheet  of  paper  which  was  rotated  at  a 
uniform  rate  by  clockwork.  The  divisions  on  the  circular  sheet  were 
such  that  the  temperature  in  degrees  Fahrenheit  could  be  read  directly 
from  the  records. 

PYROMETERS   FOR  MEASURING   FURNACE  TEMPERATURE. 

At  first,  attempts  were  made  to  obtain  regular  readings  of  the 
furnace  temperature  by  a  platinum  and  platinum-rhodium  thermo- 
couple connected  to  a  millivoltmeter  graduated  ia  degrees  Fahrenheit. 
However,  the  insulating  porcelain  tubes  of  the  thermo-couple  either 
cracked  or  were  otherwise  destroyed  by  the  slagging  action  of  the 
gases,  so  that  in  no  test  was  a  complete  set  of  furnace-temperature 
readings  obtained.  The  thermo-couple  was  tried  with  the  bare 
wires  exposed  to  the  furnace  gases,  but  the  same  slagging  action 
reduced  the  wires  and  destroyed  the  couples.  Therefore,  the  method 
of  measuring  the  furnace  temperature  by  thermo-couples  was 
abandoned. 

Later,  in  1905,  a  Wanner  optical  pyrometer  was  tried  for  furnace- 
temperature  measurements  and  found  very  satisfactory.  A  large 
number  of  tests  were  made  with  a  complete  set  of  readings  of  the  tem- 
perature in  the  combustion  chamber  and  several  tests  with  the  readings 
of  temperatures  in  the  fuel  bed,  above  the  fuel  bed,  and  above  the 
bridge  wall.  The  Wanner  optical  pyrometer  is  really  a  photometer. 
Its  working  is  based  on  the  relation  that  exists  between  the  tempera- 
ture of  a  hot  body  and  the  intensity  of  the  light  that  the  body  emits.* 
The  temperature  is  measured  by  comparing  the  light  emitted  by  a 
body  whose  temperature  is  to  be  determined  with  a  light  of  standard 
intensity.  The  standard  light  is  a  6-volt  incandescent  lamp  illu- 
minating a  ground-glass  surface.  A  beam  of  monochromatic  (red) 
light  from  this  source,  produced  by  means  of  a  direct-vision  spectro- 
scope and  a  screen  cutting  out  all  but  a  narrow  band  in  the  red,  and  a 
similar  beam  from  the  hot  body  whose  temperature  is  to  be  deter- 
mined, are  passed  into  a  photometric  telescope,  each  beam  illu- 
minating one-half  of  the  telescopic  field.  The  photometric  com- 
parison is  made  by  adjusting  to  equal  brightness  both  halves  of  the 

a  For  the  theoretical  discussion  of  this  subject  see  Waidner,  C.  W. ,  and  Burgess,  O.  IC., "  Optical  pyrom- 
etry/'  U.  S.  Bureau  of  Standards  Bulletin  No.  2, 1905,  pp.  22&-23-^. 
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field  by  means  of  the  polarizing  arrangement.  The  incandeBcent 
lamp  is  supplied  with  current  from  a  three-cell  storage  battery.  The 
lamp  itself  was  standardized  by  comparing  it  with  an  amyl-acetate 
standard  lamp. 


CALOBIMETERS. 


For  determining  the  moisture  in  steam  either  separating  or 
throttling  calorimeters  were  used.  They  were  of  standard  con- 
struction and  were  supplied  by  the  Schaefer  &  Budenberg  Company. 
Steam  was  sampled  with  a  standiird  nipple  inserted  in  the  vertical 
section  of  the  steam  pipe  immediately  above  the  boiler;  the  calorim- 
eter connection  is  shown  in  figure  15  and  Plate  I,  A. 
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FiouBB  Id.^Cftlorimeter  connections  and  detail  of  steanhounpllng  nippto. 


DRAFT  OAOES. 


The  draft  gages  used  on  all  of  the  tests  were  of  the  inclined-tube 
type  and  were  supplied  by  the  Ellison  Draft  Gage  Company,  of 
CUcago.  The  liquid  used  in  these  gages  was  light  mineral  oil,  which 
insured  an  easy  movement  of  the  levels.  The  scale  was  so  graduated 
that  the  gas  pressure  was  imlicated  directly  in  inches  of  water.  In 
addition  to  the  Ellison  draft  gages,  Bristol  recording  draft  gages 
were  used  on  most  of  the  tests  after  the  first  series.  These  instru- 
ments consist  of  sensitive  pressure  gages;  an  ink  pen  automatically 
records  the  intensity  of  draft  in  inches  of  water  on  a  circular  dieet 
of  paper  which  is  revolved  at  a  uniform  rate  by  clockwork. 
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COAL-8IZINO  SGBBBN. 

The  screen  used  in  sizing  the  coal  consisted  of  a  revolving  cylinder 
of  perforated  sheet  iron  of  No.  16  gage.  The  cylinder  was  6  feet 
long  and  1  foot  in  diameter. 

The  perforations  were  round  holes  and  ranged  from  J  inch  to  1 
inch  in  diameter.  The  holes  were  arranged  in  circumferential  bands, 
the  width  of  which  decreased  as  the  size  of  holes  increased.  The 
band  having  holes  |  inch  in  diameter  was  24  inches  wide;  the  next 
band  had  J-inch  perforations  and  was  16  inches  wide;  the  following 
band  with  f-inch  perforations  was  10  inches  wide;  the  succeeding 
band  with  ^inch  perforations  was  9  inches  wide;  the  next  band  with 
}-inch  perforations  was  7  inches  wide;  and  the  last  band  having  1-inch 
perforations  was  only  6  inches  wide.  The  end  of  the  screen  with  the 
smallest  perforations  was  elevated  about  6  inches  above  the  other 
end.  The  coal  entered  the  screen  at  the  elevated  end  and  by  rota- 
tion of  the  screen  was  gradually  conveyed  to  the  lower  end.  The 
different  sizes  were  separated  by  falling  through  the  perforations 
into  special  boxes  placed  under  each  of  the  bands. 

ICETHOD  OF  CONDUCTINa  THB   STEAMINa  TESTS. 
STARTING   AND   CLOSING  THE  TESTS. 

In  starting  and  closing  all  the  steaming  tests  the^'altemate  method'' 
was  used.     The  fires  were  started  from  a  banked  fire  between  5  and 

6  a.  m.  and  coal  was  burned  at  about  the  same  rate  as  it  was  to  be 
buLmed  during  the  test.  The  steam  generated  during  this  preparatory 
period  was  disposed  of  either  through  the  engine  or  by  blowing  it 
directly  into  the  atmosphere.  When  the  furnace  was  well  heated  the 
fire  was  allowed  to  burn  down  to  a  thickness  of  3  to  4  inches  and  was 
then  leveled  with  a  rake,  and  the  test  was  started.  No  particular 
tune  was  set  for  starting  a  test,  the  governing  feature  being  a  favor- 
able condition  of  the  fiunace.    The  start  was  usually  made  between 

7  and  8  a.  m.  On  starting  a  test  the  thickness  of  the  fuel  bed  was 
determined  by  dropping  a  rake  into  the  fire  at  several  places  and 
noting  to  what  depth  the  prongs  sank  into  the  hot  fuel.  Record 
was  made  also  of  the  steam  pressure,  the  height  of  water  in  the  boiler 
and  the  suction  tank,  the  gas  pressures  ("drafts'')  in  the  furnace  and 
stack,  and  the  load  on  the  boiler. 

About  1  to  1^  hours  before  closing  a  test  the  fires  were  cleaned. 
An  effort  was  made  to  bum  as  much  coal  after  cleaning  the  fire  and 
before  closing  a  test  as  was  burned  after  cleaning  the  fire  before  a 
test  was  started,  so  that  the  amount  of  ash  in  the  fuel  bed  would  be 
about  the  same.  All  the  conditions  at  the  close  of  the  tests  were 
made  as  nearly  the  same  as  was  practicable;  the  fires  were  allowed 
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to  bum  down  to  the  same  height,  the  water  in  the  gage  glass  was 
brought  to  the  same  level,  and  care  was  taken  that  the  load  on  the 
boiler  was  the  same  as  it  was  when  the  water  level  was  read  at  the 
start  of  the  test.  The  last  precaution  was  important,  because  the 
height  of  water  in  the  gage  glass  vmed  considerably  with  the  rate 
at  which  the  steam  left  the  boiler.  If  the  test  was  closed  with  the 
water  level  in  the  boiler  a  little  different  from  what  it  was  when  the 
test  was  started,  corrections  were  made  at  the  rate  of  340  pounds 
per  inch  of  water  in  the  gage  glass,  this  quantity  being  determined 
by  actual  calibration  with  cold  water.  A  scale  graduated  to  a  quar- 
ter of  an  inch  was  permanently  attached  to  the  water  column,  so 
that  height  of  the  water  could  be  readily  determined. 

In  tests  made  with  the  Jones  underfeed  stoker  the  amount  of  fuel 
in  the  bed  could  not  be  estimated  as  easily  as  in  tests  with  the  hand- 
fired  furnace,  inasmuch  as  the  fuel  was  heaped  in  the  middle  of  the 
furnace  and  a  rake  or  other  fire  tool  could  not  be  used  to  any  advan- 
tage. However,  by  allowing  the  fire  to  bum  down  somewhat  at  the 
start  and  close  of  a  test  the  error  in  estimating  the  fuel  was  reason- 
ably small. 

WEIOHT   OF  ASH   AND  BEFUSE. 

Immediately  upon  starting  a  test  all  the  refuse  was  removed  from 
the  ash  pit.  At  the  close  of  a  test  the  ash  pit  was  again  cleaned. 
Ash  or  refuse  taken  out  of  the  ash  pit  or  furnace  during  a  test  or  at 
the  end  of  it  was  sampled,  weighed,  and  charged  to  the  test.  The 
sample  of  the  refuse  thus  collected  was  quartered  and  sent  to  the 
chemical  laboratory  for  analysis.  These  statements  apply  to  the 
hand-fired  furnace  only.  In  tests  made  with  the  Jones  imderfeed 
stoker  several  methods  of  determining  the  weight  of  ash  and  refuse 
were  tried,  inasmuch  at  it  proved  impractical  to  actually  weigh  the 
ash  on  account  of  the  design  of  the  stoker. 

In  tests  601  to  605,  inclusive,  the  weight  of  ash  from  each  test 
was  obtained  by  weighing  the  coal  and  the  total  refuse  for  24  hours 
and  then  proportioning  the  ash  among  the  tests  according  to  the 
weight  of  coal  burned  during  each  test. 

In  tests  606  to  608,  inclusive,  the  weight  of  ash  was  obtained  by 
actually  weighing  the  ash  and  refuse  made  dining  each  test. 

In  tests  611  to  616,  inclusive,  the  weight  of  ash  was  taken  as  4.87 
per  cent  of  the  weight  of  the  coal  burned  during  each  test.  The 
above  percentage  was  determined  by  weighing  the  coal  and  the  ash 
for  a  36-hour  run. 

In  tests  617  to  619,  inclusive,  the  weight  of  ash  was  taken  as  7 
per  cent  of  the  weight  of  the  coal  burned  during  each  test.  This 
relation  was  determined  by  weighing  all  the  coal  and  ash  for  three 
days. 
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In  the  remainder  of  the  tests  the  ash  was  figured  from  the  analysis 
of  the  coal.  The  combustible  <*  in  the  refuse  was  figured  from  the 
analysis  of  a  clinker  pulled  out  of  the  furnace  during  each  test,  which 
clinker  was  assumed  to  represent  the  composition  of  the  refuse  of 
each  test. 

All  the  above  methods  used  in  the  determination  of  refuse  in  tests 
made  with  the  Jones  stoker  give  the  weight  of  ash  and  refuse  only 
approximately.    No  great  dependence  should  be  put  on  them. 

WEIGHT   OF  GOAL  FIBED. 

The  coal  fired  was  weighed  in  the  previously  described  charging 
car  which  was  placed  on  a  platform  scale.  The  coal  and  car  were 
weighed  after  each  firing  and  the  weight  together  with  the  time  of 
each  firing  were  recorded  until  the  car  was  empty.  This  record  gave 
the  total  coal  fired  and  also  the  amount  charged  each  time.  When  the 
chatging  car  was  empty  a  signal  was  given  and  readings  of  the  height 
of  water  in  the  boiler  and  in  the  suction  tank  were  taken.  A  sample 
of  coal  was  taken  while  the  car  was  being  loaded ;  about  two  shovel- 
fuls from  each  car.  This  sample  was  kept  in  a  can  with  a  tight  cover 
over  night,  and  the  next  morning  it  was  quartered  and  delivered  to 
the  chemical  laboratory  for  analysis. 

WEIGHT  OF  FEED  WATEB  AND  FEED-WATEB  TEMPEBATUBB. 

The  feed  water  was  weighed  in  a  specially  constructed  weighing 
tank  having  a  funnel-shaped  top  and  bottom.  The  weighing  tank 
discharged  the  water  into  the  suction  tank,  from  which  the  injector 
delivered  it  to  the  boiler.  The  weight  of  each  full  tank  and  the  time 
of  emptying  the  weighing  tank  were  recorded.  During  the  test  the 
feed  pump  was  disconnected  from  the  boiler  so  that  the  water  could 
get  into  the  boiler  only  through  the  injector.  A  nipple  was  taken 
out  of  the  blow-off  pipe  so  that  if  any  water  leaked  through  it  could 
readily  be  detected. 

The  temperature  of  the  feed  water  was  measured  with  a  mercury 
thermometer  placed  in  the  weighing  tank.  A  reading  of  the  temper- 
ature was  taken  every  time  the  tank  was  emptied. 

FLUE-GAS   SAMPLING  AND  FLUE-GAS  TEMPEBATUBE. 

Flue  gas  was  sampled  with  the  apparatus  described  on  pages  29 
to  34,  and  collected  in  2-gallon  leveling  bottles  by  the  method 
deeciibed  on  page  31.  Samples  were  taken  for  periods  of  one-half 
hour  on  most  of  the  tests  and  for  one-hour  periods  on  the  others. 
Determinations  or  CO,,  O,,  and  CO  were  made  regularly. 

•  The  word  "oombnstlble"  In  tliis  bolletin  signifies  ooai  free  from  ash  and  moisture. 
99133**— Bull.  23—12 4 
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The  temperature  of  the  flue  gases  was  either  measured  with  a  mer- 
cury thermometer,  a  reading  being  taken  every  20  minutes,  or  it  was 
automatically  recorded  by  a  Bristol  recording  air  thermometer. 

FUBNACE   TEMPERATURE. 

On  most  of  the  tests  furnace  temperatures  were  taken  with  a 
Wanner  optical  pyrometer.  Readings  were  taken  regularly  in  the 
rear  of  the  combustion  chamber  every  20  minutes.  On  some  of  the 
tests  special  readings  were  taken  of  the  temperature  in  the  fuel  bed, 
over  the  fire,  above  the  bridge  wall,  and  at  the  foot  of  the  bridge  wall. 
For  regular  readings  the  pyrometer  was  standardized  every  morning; 
for  special  readings  it  was  standardized  for  each  set  of  observations. 

GAS   PRESSURES  (" DRAFTS ")• 

Oas  pressures  in  the  hood,  above  the  fuel  bed  and  in  the  ash  pit, 
were  measured  on  all  tests.  Ellison  differential  draft  gages  were 
used  for  this  purpose,  and  readings  were  taken  regularly  every  20 
ndnutes.  On  some  of  the  tests  a  continuous  record  of  the  pressure 
over  the  fire  was  made  with  a  Bristol  recording  draft  gage. 

STEAM    PRESSURES    AND   MOISTURE    IN   STEAM. 

Steam  pressures  were  read  off  a  standard  pressure  gage  located  on 
top  of  the  boiler.  Regular  readings  were  taken  every  20  minutes. 
On  most  of  the  tests  pressures  were  also  recorded  automatically  by 
a  Bristol  recording  gage. 

The  moisture  in  the  steam  was  determined  with  either  a  throttUng 
or  a  separating  calorimeter.  Determinations  of  the  moisture  were 
made  regularly  every  hour. 

DENSITY   OF   SMOKE. 

Observations  of  smoke  were  taken  over  15-minute  periods  every 
two  hours  when  the  condition  of  the  fire  was  fairly  representative. 
Individual  readings  were  taken  at  16-second  intervals.  The  density 
of  smoke  was  estimated  by  comparison  with  Ringelmann's  smoke 
charts. 

CHEMICAL  ANALYSES. 

All  chemical  analyses  of  coals  and  refuse  were  made  in  the  chemical 
laboratory  of  the  fuel-testing  plant  under  the  direction  of  N.  W. 
Lord.  The  analyses  were  made  under  the  immediate  supervision  of 
F.  M.  Stanton. 

SIZING   OF  COAL.  ' 

The  sample  of  coal  collected  during  a  test  weighed  about  200 
pounds.     This  sample  was  roughly  halved  by  quartering  and  one  of 
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the  halves  was  passed  through  the  siziDg  screen  described  on  page 
37.  No  attempt  was  made  to  take  exactly  100  pounds.  The  coal 
passing  through  each  set  of  holes  was  weighed  and  recorded;  the 
weight  of  each  size  being  expressed  as  a  percentage  of  the  total  weight 
of  coal  screened. 

The  other  half  of  the  coal  sample  was  crushed  and  further  reduced 
by  quartering  and  delivered  to  the  chemical  laboratoiy. 

CL£ANINO  OF  BOILESS. 

The  boilers  were  kept  regularly  in  a  clean  condition.  The  soot  was 
blown  off  the  tubes  every  day,  usually  in  the  morning  one  or  two  hours 
before  starting  a  test.  The  inside  of  the  boiler  was  washed  with  a 
hose  every  two  or  three  weeks.  The  scale  was  removed  from  the 
tubes  with  a  water-turbine  cleaner  every  four  or  six  weeks,  and  at  no 
time  did  it  average  -^  inch  in  thickness. 

RKTJABTTiTTY  OV  OBaB&VATIONS. 

ERROB  IN   ESTIMATING  THICKNESS   OF  FUEL   BED. 

In  estimating  the  thickness  of  the  fuel  bed  at  the  beginning  and  at 
the  end  of  a  test,  it  was  possible  to  estimate  the  depth  of  the  fire  as 
1  inch  too  thick  or  1  inch  too  thin.  One  inch  in  height  over  40  square 
feet  of  grate  represents  approximately  3.3  cubic  feet.  One  cubic  foot 
of  coked  coal  weighs  about  50  pounds,  so  that  the  error  in  weight 
might  be  about  165  pounds.  The  total  weight  of  dry  coal  fired  was 
on  the  averi^e  about  8,000  pounds,  so  that  the  error  in  the  weight  of 
coal  consumed  might  amount  to  ^V^^  or  2  per  cent.  This  represents 
the  probable  maximum  error  from  this  source.  In  most  tests  the  error 
was  a  great  deal  smaUer. 

SBBOB  IN   WEIGHING  GOAL. 

With  the  platform  scale  and  the  charging  car  the  coal  could  be 
weighed  to  within  1  pound.  Each  load  of  coal  weighed  about  700 
pounds,  so  that  the  error  from  this  source  might  amount  to  iii^,  or 
0.14  per  cent. 

EBBOB  IN   WEIGHT  OF  BEFUSE. 

Refuse  was  taken  to  mean  everything  that  fell  through  the  grate 
plus  the  aah  and  clinker  pulled  out  of  the  furnace  during  the  cleanings 
of  the  fire.  The  refuse  could  be  weighed  with  a  possible  error  of  less 
than  1  per  cent.  The  effect  of  this  error  on  the  economic  results  of 
the  test  would  be  to  increase  or  decrease  by  a  few  pounds  the  weight 
of  combustible  consumed.  This  error  would  amount  only  to  a  small 
fraction  of  a  per  cent  and  need  not  be  considered.  It  is  worthy  of 
note  that  the  weight  of  earthy  matter  in  the  refuse  from  a  test  was 
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usually  15  to  20  per  cent  short  of  the  amount  mdicated  by  a  chemical 
analysis  of  the  coal.  This  difference  of  15  to  20  per  cent  is  accounted 
for  by  the  quantity  of  refuse  and  ash  carried  by  the  current  of  gases 
into  the  combustion  chamber  and  up  the  stack. 

It  may  seem  improbable  that  such  a  large  quantity  of  refuse  would 
be  carried  away  with  a  total  '^ draft"  of  less  than  1  inch  of  water. 
However,  if  one  considers  the  large  quantity  of  slag  and  ash  that 
accumulates  in  the  rear  of  the  combustion  chamber  of  a  Heine  fur- 
nace one  must  admit  that  even  such  slow  currents  of  gases  carry  along 
with  them  considerable  quantities  of  ash.  This  fact  was  observed  not 
only  at  the  fuel-testing  plant,  but  also  at  other  places.  For  example, 
in  a  series  of  tests  made  with  the  cooperation  of  the  steam  engineering 
section  by  the  Commonwealth-Edison  Co.,  of  Chicago,  at  its  Har- 
rison Street  Station,  it  was  noticed  that  a  circular  opening  made  in 
the  rear  wall  of  a  Heine  boiler  for  the  purpose  of  measuring  combiis- 
tion-chamber  temperatures  was  invariably  found  filled  with  ash  and 
cinders  every  time  a  reading  was  taken.  The  opening  in  the  wall  was 
about  1^  inches  in  diameter  and  between  temperature  readings, 
which  were  taken  every  30  minutes,  was  kept  closed  with  a  piece  of 
waste.  The  ^' draff  was  about  0.6  inch  in  the  breaching  and  about 
0.3  inch  over  the  fire.  The  furnace  was  served  with  a  chain-grate 
stoker.  The  reader  may  observe  similar  occurrences  for  himself  in 
almost  any  boiler  plant. 

A  test  in  which  the  weight  of  the  earthy  matter  in  ash  as  determined 
by  actual  weighing  is  higher  than  that  calculated  from  the  chemical 
composition  of  coal  should  be  looked  upon  with  suspicion.  The  fact 
that  ash  is  carried  over  the  bridge  wall  has  been  long  recognized  by 
the  boiler-plant  designer,  who  always  provides  an  ash  door  in  the  rear 
of  the  boiler  setting  for  the  removed  of  the  ash.  It  is  also  considered 
good  practice  to  put  ash  doors  in  the  bases  of  all  large  chimneys,  and 
experience  shows  that  such  precautions  are  always  needed.  Although 
these  stacks  may  be  connected  to  the  boiler  furnaces  by  long  breach- 
ings,  a  considerable  quantity  of  ash  is  found  in  their  bases  every 
three  or  four  months.  It  is  only  the  heavier  pieces  of  the  ash  that 
are  deposited  in  the  rears  of  the  boiler  settings  and  the  bases  of  the 
stacks;  all  lighter  ash  particles  are  carried  out  tlu*ough  the  stack. 
The  quantity  of  earthy  matter  carried  away  with  the  gases  depends 
on  the  character  of  the  ash.  The  light  fluffy  ash  which  results  from 
the  burning  of  some  lignitic  coals  is  easily  carried  away  by  the  slowest 
current  of  gas,  while  a  very  small  percentage  of  heavy  ash  containing 
a  large  quantity  of  iron  is  lost  even  with  a  fairly  strong  "draft." 

ERBOR   IN   WEIGHT  OF   WATER   EVAPORATED. 

The  water  could  be  weighed  within  less  than  a  poimd,  so  that  the 
error  in  weighing  was  insignificant.  An  error  of  two  or  three  hundred 
pounds  could  have  been  introduced  by  not  having  the  same  load  on  the 
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boiler  when  reading  the  height  of  water  in  boiler  at  the  beginning  as  at 
the  end  of  the  test.  It  may  be  possible  that  in  extreme  cases  the 
water  level  as  observed  was  1  inch  too  high  or  too  low,  in  which  case 
the  error  would  amount  to  340  pounds.  However,  the  total  weight  of 
water  used  during  a  test  was  so  great  that  an  error  of  300  pounds 
would  be  only  about  0.6  per  cent  of  the  total.  On  account  of  the 
effect  of  the  load  on  the  water  level  in  the  boiler,  it  was  useless  to  read 
the  water  any  closer  than  to  the  nearest  quarter  inch. 

ERBOB  IN  PEED-WATER  TEMPERATURE. 

Feed- water  temperature  was  correct  within  2°  or  3*^  F. ;  this  error 
might  possibly  affect  the  final  results  by  0.1  per  cent. 

ERROR   IN  PLUE-GAS  SAMPLING. 

The  sampling  of  flue  gases  is  a  difficult  problem  in  itself.  It  is  not 
hard  to  analyze  flue  gases,  but  it  is  difficult  to  obtain  an  average  sam- 
ple. The  sample  collected  with  the  ordinary  single-tube  sampler  is 
always  in  error,  inasmuch  as  the  composition  of  gases  varies  at  dif- 
ferent places  in  any  one  cross  section  of  the  gas  stream.  Moreover, 
on  account  of  steady  leakage  into  the  boiler  setting  the  average  gas 
composition  at  one  cross  section  of  the  stream  does  not  represent  the 
average  composition  of  any  other  cross  section.  Samples  of  gas  col- 
lected with  the  special  sampling  devices  placed  in  the  hoods  of  the 
boilers  used  in  the  steaming  tests  under  consideration  probably  repre- 
sent^ closely  the  average  gas  composition  at  the  particular  cross 
section  at  which  they  were  taken.  It  is  estimated  that  the  compo- 
sition of  gas  as  given  in  columns  88,  89,  and  90,  in  Table  4  i^for  most 
of  the  tests  correct  within  5  per  cent  of  itself.  In  some  cases  it  might 
be  10  per  cent  in  error,  and  in  a  few  extreme  cases  15  or  20  per  cent. 
This  means  that  if  the  analysis  shows  10  per  cent  of  CO,,  the  true 
CO3  content  might  have  been  either  10.5  or  9.5  per  cent  in  case  of 
a  5  per  cent  error  and  11  or  9  per  cent  in  case  of  a  10  per  cent  error. 
The  COj  content  was  always  lower  in  the  hood  than  in  the  rear  of  the 
combustion  chamber. 

The  error  in  the  sampling  of  the  gas  does  not  affect  the  economic 
results  of  tests  in  any  way,  excepting  that  it  may  mislead  the  man  in 
charge  of  the  fire;  but  it  affects  the  heat  balance,  particularly  items 
4  and  6. 

ERROR  IN  FLUE-GAS  TEMPERATURE. 

On  tests  made  with  boilers  Nos.  1  and  2  the  readings  of  the  flue-gas 
temperature  may  be  considerably  in  error,  due  to  the  fact  that  no 
devices  were  employed  to  obtain  an  approximate  average  temperature 
and  to  protect  the  thermometers  from  radiation.  The  readings 
recorded  were  generally  low  and  in  extreme  instances  the  error  is  apt 
to  be  as  much  as  lOO""  F. 
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On  account  of  the  special  devices  placed  in  the  hoods  of  boilers 
Nob.  4,  5,  and  6,  to  protect  the  thermcmieter  bulbs  trom.  radiation  and 
to  bring  streams  of  gas  from  different  parts  of  the  cross  section  to 
scrub  against  them,  the  temperatures  taken  during  tests  made  with 
these  boilers  are  correct  perhaps  within  10®  F. 

The  error  in  the  flue-gas  temperature  does  not  affect  the  economic 
results  of  the  tests,  but  it  does  affect  the  heat  balance,  particulariy 
items  4  and  6.  The  causes  of  the  error  in  the  measurements  of  flue-gas 
temperature  are  discussed  more  fully  in  Part  II,  pages  303  to  308. 

ERBOB  IN  FUBNACE  TEMPEBATUBE. 

The  furnace  temperature  readings  were  obtained  with  a  Wannor 
optical  pyrometer.  Most  observations  were  made  by  looking  into 
the  combustion  chamber  at  a  point  about  2  feet  from  the  rear  end  and 
1  foot  below  the  tile  roof.  When  observing  the  flame,  which  was 
generally  done,  the  indications  were  perhaps  well  within  100°  F.  of  the 
right  value.  In  the  absence  of  flame,  light  was  received  from  the 
opposite  wall,  which  was  plainly  cooler  than  the  gases,  as  was  evident 
on  comparing  it  by  eye  with  the  tile  roof  near  by ;  and  even  this  latter 
was  cooler  than  the  gases  which  heated  it,  because  heat  was  constantly 
passing  upward  through  the  tile  into  the  water  tubes.  How  much  too 
low  such  readings  were  could  not  be  determined,  perhaps  100°  to  200° 
F.  In  general,  the  tests  on  coals  low  in  volatile  matter  showed  too 
low  combustion  temperatures.  The  error  in  fumaxse  temperature 
does  not  affect  the  economic  results  nor  the  heat  balance  of  the  tests* 

BBROB   IN  GAS  PBESSUBE    ("dBAFTS"). 

The  recorded  readings  of  the  gas  pressures  in  various  portions  of 
the  boiler  setting  are  perhaps  well  within  0.05  of  an  inch  of  the  true 
value.  The  errors  in  these  readings  do  not  affect  the  economic 
results  nor  the  heat  balance  of  the  tests. 

SBBC»t  IN  STEAM  PBBS8X7BB. 

The  pressure  gauges  from  which  the  readings  of  steam  pressure 
were  taken  were  correct  within  2  poimds  and  could  be  read  within  a 
pound,  so  that  the  maximum  possible  error  on  any  of  the  tests  was 
about  3  pounds.  This  error  is  so  inappreciable  and  its  effect  on  the 
economic  results  so  small  that  it  does  not  need  any  further  considera- 
tion. 

BBBOB   IN  MOISTtTBE   IN   STEAM. 

The  determinations  of  the  moisture  in  the  steam  are  at  the  best 
only  approximate,  although  great  care  was  exercised  in  taking  the 
readings.  Any  error  that  was  introduced  in  these  observations  was 
mostly  due  to  the  fact  that  the  steam  drawn  into  the  calorimeter 
did  not  represent  the  quality  of  steam  flowing  through  the  steam 
main.  The  values  of  the  moisture  of  steam  given  in  Table  4  are  per- 
haps correct  within  25  per  cent  of  themselves;  that  is,  if  in  the  table 
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the  moisture  in  steam  is  given  as  1  per  cent,  the  true  value  might 
have  been  anywhere  between  0.75  and  1.25  per  cent.  The  error  in 
the  moisture  in  steam  affects  the  economic  results  of  the  tests 
directly. 

ERBOB  IN  DENSrrr  OF  SMOKB. 

The  smoke  observations  are  perhaps  as  accurate  as  can  be  obtained 
by  means  of  smoke  charts.  The  values  given  in  Table  4,  column  83, 
under  the  heading  ''Smoke  (per  cent  of  black)/'  are  reliable  and  suf- 
ficiently acciHrate  for  comparison. 

ERROR   IN   CHEMICAL  ANALYSIS. 

Any  errors  in  the  chemical  analysis  of  coal  and  refuse  are  largely 
due  to  errors  in  sampling;  that  is,  the  chemist's  work  is  accurate, 
perhaps  within  a  fraction  of  a  per  cent,  but  the  sample  of  coal  and 
the  sample  of  refuse  collected  were  not  accurately  representative  of 
the  true  average  composition  of  the  coal  and  ash.  Although  samples 
of  coal  were  taken  with  great  care,  it  is  possible  that  the  sample  con- 
tained 1  per  cent  more  or  less  ash  or  1  per  cent  more  or  less  moisture 
than  the  coal  that  w^  biumed.  Furthermore,  on  warm  days  the 
coal  samples  lost  some  moisture  while  being  quartered  on  the  floor 
of  the  boiler  room;  further  loss  of  moisture  might  have  occurred 
while  the  quartered  sample  was  being  prepared  for  a  moisture  deter- 
mination in  the  chemical  laboratory.  It  is  difficult  to  ascertain  the 
error  due  to  these  causes,  but  it  is  possible  that  the  moisture  and  ash 
determinations  of  the  coal  are  1  per  cent  too  high  or  too  low.  The 
errors  in  these  two  determinations  affect  the  heat  value  of  the  coal 
and  thereby  the  economic  results  of  the  tests.  The  first  and  last 
items  of  the  heat  balance  are  also  directly  affected. 

Tbe  error  in  the  ash  analysis  is  not  so  serious  as  that  in  the  coal, 
although  it  is  more  difficult  to  sample  large  pieces  of  clinker  than 
crushed  coal,  which  is  more  uniform  in  size.  The  total  weight  of  refuse 
in  most  cases  is  only  a  comparatively  small  percentage  of  the  total  coal 
burned,  so  that  even  if  the  ash  analysis  were  2  or  3  per  cent  in  error, 
its  effect  on  the  economic  results  and  on  the  heat  balance  would  only 
be  a  fraction  of  a  per  cent. 

There  are  probably  a  few  tests  in  which  the  errors  discussed  in  the 
preceding  paragraphs  are  accumulative;  that  is,  tests  in  which  the 
errors  are  all  in  the  same  direction.  In  such  tests  the  final  results 
would  be  3  per  cent  too  low  or  too  high;  hence,  in  two  extreme  cases 
where  the  errors  are  accumulative  in  the  opposite  directions,  tests 
which  actually  gave  the  same  results  might  be  represented  by  data 
6  per  cent  apart.  In  a  majority  of  the  tests  these  errors  are  naturally 
compensating;  that  is,  the  various  errors  have  different  signs,  so  that 
their  algebraic  smu  is  close  to  zero.  Of  course,  in  the  large  number 
of  steaming  tests  made,  it  is  to  be  expected  that  in  a  few  tests  the 
errors  are  accumulative  and  the  results  may  be  3  per  cent  in  error. 
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BBSTTIiTS  OF  TB8T8. 

The  averages  of  the  data  and  the  calciilated  results  of  all  the 
regular  steaming  tests  made  at  the  fuel-testing  plant  to  the  end  of 
1908  are  given  in  Table  4.  The  tests  are  reported  as  far  as  possible 
in  accordance  with  the  recommendations  of  the  American  Society  of 
Mechanical  Engineers.  Some  modifications  were  necessary  in  order 
that  the  complete  record  of  so  large  a  number  of  tests  could  be 
formed  into  a  compact  reference  table.  The  tests  are  arranged 
alphabetically  according  to  States,  and  imder  each  State  according 
to  the  number  by  which  the  coal  has  been  designated.  If  more  than 
one  test  has  been  run  on  the  same  coal  the  tests  are  arranged  accord- 
ing to  the  numbers  of  the  tests.  This  arrangement  facilitates  any 
cross  references  to  the  data  and  results  of  the  tests  when  the  official 
designation  and  the  number  of  a  test  is  known.  The  large  number 
of  columns  required  for  tabulating  the  data  for  each  test  necessitated 
the  repetition  of  the  individual  test  numbers  on  several  subsequent 
pages.  The  complete  data  and  results  of  any  individual  test  will  be 
found  by  considering  in  order  in  one  group  all  the  pages  on  which 
that  test  number  appears  in  the  identifying  colunms  1  and  2. 

The  vertical  columns  are  numbered  from  1  to  105.  The  economic 
results  are  given  in  columns  Nos.  75,  76,  77,  79,  81,  and  82. 

When  comparing  the  results  of  any  group  of  tests  the  notes  on 
the  individual  tests  should  be  consulted.  It  may  be  found  that  poor 
results  were  due  to  unfavorable  conditions,  or  it  may  be  that  some 
of  the  data  are  unreUable — a  fact  that  is  stated  in  the  notes. 

The  economic  results  of  the  first  20  tests  made  in  1905  (test  No. 
101  to  test  No.  120)  are  low  on  account  of  the  poor  condition  of  the 
boiler  setting,  which,  during  the  long  idleness  through  the  cold  win- 
ter weather,  became  leaky.  The  air  that  filtered  in  lowered  the 
CO3  content  and  increased  the  free  oxygen  in  the  flue  gases.  In  an 
attempt  to  increase  the  CO,  content  the  oxygen  supply  to  the  fur- 
nace was  so  reduced  that  incomplete  combustion  resulted,  which 
lowered  the  economic  results  of  these  tests.  The  leaks  were  not 
easily  detected  and  the  trouble  was  not  discovered  until  the  first  few 
tests  were  computed  and  their  efficiencies  found  to  be  low.  Inas- 
much as  it  took  several  days  before  analyses  of  the  coal  samples  were 
obtained  and  the  tests  computed,  about  20  tests  were  made  under 
these  conditions.  After  that  the  boiler  settings  were  painted  and  a 
man  was  employed  almost  constantly  in  keeping  them  tight. 

EZPIiAKATION  OF   ITBXS    IN    TABLE  4  AND   METHOD  OF   COX- 

PUTING-  TEEM. 

The  items  of  the  tests  are  given  in  Table  4  in  the  vertical  colunms. 
Each  column  has  a  short  heading  and  is  numbered.  The  numbers 
in  parentheses  are  those  of  the  code  for  boiler  tests  of  the  American 
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Society  of  Mechanical  Engineers.  The  headings  only  suggest  what 
the  vertical  columns  contain.  A  full  explanation  of  each  item  is  given 
in  the  following  paragraphs : 

Column  1  gives  the  serial  number  of  each  test.  When  the  steam- 
ing tests  were  started  the  first  test  was  called  test  No.  1;  the  second 
test  was  called  test  No.  2,  and  so  on.  The  numbers  of  the  tests  show 
in  what  order  the  tests  were  made.  There  were  no  tests  numbered 
79  to  100. 

Column  2  gives  the  name  of  the  State  from  which  the  coal  came 
and  the  number  of  the  coal  by  which  it  was  designated  at  the  fuel- 
testing  plant.  For  example,  the  coals  were  known  at  the  plant  as 
Alabama  No.  1,  or  Illinois  No.  5,  and  without  any  reference  to  the 
mine  or  the  bed  from  which  the  coal  was  mined. 

Column  S  gives  the  name  of  the  coal  bed  or  seam  from  which  the 
coal  came. 

C6lum/n  4  gives  the  name  of  the  place  near  which  the  coal  bed  Ues. 

Column  6  gives  the  size  of  the  coal  as  it  was  shipped  from  the  nune 
to  the  fuel-testing  plant.  For  instance,  coal  described  as  ''over 
1-inch  screen/'  passed  over  a  screen  having  holes  1  inch  square; 
coal  described  as  ''run-of-mine"  left  the  mine  in  exactly  the  same 
size  and  condition  as  it  was  when  mined. 

Columns  6  to  9,  inclusive,  give  the  percentages  of  the  sizes  of  the 
coal  as  fired«  These  percentages  were  determined  by  passing  a  sample, 
about  100  pounds,  of  the  coal  through  the  screen  described  on  page 
37.  Where  the  figures  are  Tnigaing  no  sizing  tests  were  made.  In 
the  first  78  tests  the  size  of  coal  was  estimated,  and  in  the  table  is 
given  in  percentage  of  lumps,  small  coal,  and  slack. 

Column  6  gives  the  percentage  of  the  coal  that  went  over  a  screen 
having  round  holes  1  inch  in  diametei*. 

Column  7  gives  the  percentage  of  the  coal  that  went  over  a  screen 
having  round  holes  {  inch  in  diameter,  but  fell  through  a  screen 
having  round  holes  1  inch  in  diameter. 

Column  8  gives  the  percentage  of  coal  that  went  over  a  screen 
having  round  holes  \  inch  in  diameter,  but  fell  through  ^inch  round 
holes. 

Column  9  gives  the  percentage  of  the  coal  that  fell  through  round 
holes  {  inch  in  diameter. 

Column  10  gives  the  average  size  of  the  coal  or,  as  it  was  called, 
the  average  diameter.  This  ayerage  diameter  as  determined  is  of 
course  onty  an  approximation,  but  it  furnishes  a  basis  on  which  to 
eompare  the  size  of  the  coals.  The  method  of  determining  the  aver- 
age diameter  can  best  be  explained  by  the  concrete  example  following . 


V 


48 


STEAMIKG  TESTS  OP  COALS. 


DiUrmmaUon  of  average  duemeUr  ofco&l. 


Diameter 

of  helea  in 

screen 

(Mehes). 

Weight  of  coal  pass- 
ing through  each 
screen  (pounds). 

Relative 
value  of  each 

size  in 
determining 
the  average 
site.    (The 
product  of 
sice  and 
weieht— col- 
umn 1  times 
column  3.) 

Actual. 

Seuooedto 

lOO-ponnd 

basis. 

1 
1 

2 

S 

4 

20 
14 
18 
12 
27 
4 
3 

20.4 
14.3 
18.4 
12.2 
37. « 
4.1 
3.0 

2.6 
3.6 
ft.  9 
6.1 
20.7 
4.1 
4.5 

08 

100 

48.5 

Average  dIameCer~^^g«M).486  inch. 

Column  2  of  the  above  table  gives  the  weight  of  each  size  as 
obtained  by  actual  weighing  after  sizing  98  pounds  of  coal.  Column 
3  gives  the  weight  of  each  size  when  reduced  to  a  100-pound  basis^ 
or  the  percentage  of  each  size  in  the  sample.  All  the  coal  passing 
over  1-inch  holes  is  assumed  to  be  1 J  inches  in  diameter.  In  deter- 
mining the  average  diameter  the  percentage  of  each  size  has  a  rela- 
tive value  proportional  to  the  diameter  which  it  represents;  there- 
fore column  1  is  multiplied  by  column  3.  The  products  are  given 
in  column  4.  The  sum  of  column  4  divided  by  100  gives  the  average 
size  of  the  coal.  As  explained  before,  this  determination  of  average 
diameter  is  only  an  approximation  and  has  been  devised  solely  for 
purposes  of  comparison. 

Column  11  gives  the  appearance  of  the  coal.  This  item  was  re- 
corded by  the  man  having  charge  of  the  fire,  and  its  correctness 
depended  on  his  judgment.  The  item  expresses  the  appearance  of 
coal  only  in  a  general  way. 

Columns  12  and  13  give  the  state  of  weather  on  the  day  the  test 
was  made,  and  need  no  further  explanation. 

Column  14  gives  the  plant  number  of  the  boiler  on  which  the  test 
was  made. 

Column  16  gives  the  kind  of  grate  or  stoker  with  which  the  boiler 
was  equipped. 

Column  16  gives  the  date  on  which  the  test  was  made.  The  figm*es 
indicate,  in  order,  the  month,  the  day  of  the  month,  and  the  year. 

Column  17  gives  the  duration  of  the  test  in  hours. 

Column  18  gives  the  area  in  square  feet  of  the  grate  of  the  boiler 
on  which  the  test  was  made. 

Column  19  gives  the  kind  of  draft.  When  the  draft  was  produced 
by  the  chimney  alone  the  draft  was  said  to  be  ''natural/'  when  the 
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pressuie  fan  was  used  in  connection  with  the  stack  the  draft  was 
said  to  be  "forced,"  and  when  the  exhaust  fans  were  used  the  draft 
was  said  to  be  ''induced/' 

Cciumn  iO  gives  the  average  barometer  reading  on  the  day  the 
test  was  made.  In  St.  Louis  this  observation  was  obtained  from  the 
Weather  Bureau  and  no  correction  was  made  for  the  difference  in 
elevation  between  the  Weather  Bureau  station  and  the  fuel-testing 
{danty  which  diffCTence  was  only  a  few  feet.  At  the  Norfolk  plant 
the  barometer  readings,  reduced  to  sea  level,  were  also  obtained  from 
the  Weather  Bureau.  The  plant  was  only  a  few  feet  above  sea 
level,  and  therefore  no  corrections  were  necessary. 

Column  il  gives  the  steam  pressure  in  pounds  as  read  from  the 
steam  gauge.  The  values  are  arithmetic  averages  of  all  the  readings 
of  each  test. 

Cdtwmn  22  gives  the  pressure  of  the  gases  in  the  hood  below  the 
stack.  The  figures  are  arithmetic  averages  of  all  the  readings  taken 
during  each  test.  The  pressure  is  given  in  inches  of  water  below 
atmospheric  pressure. 

Cklumn  23  gives  the  pressure  of  the  gases  above  the  fuel  bed. 
The  values  are  arithmetic  averages  of  all  the  readings  taken  during 
each  test  and  are  given  in  inches  of  water  below  atmospheric 
presBfore. 

Colvfmn  24  gives  the  average  air  pressure  in  the  ash  pit.  It  was 
generally  0  (atmospheric  pressure) ,  except  when  the  pressure  fan  was 
used;  then  the  reading  given  is  in  inches  of  water  above  atmospheric 
pressure. 

Oohimn  26  gives  the  temperature  of  the  outside  air.  The  values 
are  arithmetic  averages  of  all  the  readings  taken  during  each  test. 

Column  26  gives  the  average  temperature  of  the  boiler  room. 

Column  27  gives  the  average  temperature  of  steam  during  the 
entire  te^.  The  values  given  in  the  table  were  obtained  from  a 
steam  table  wad  correspond  to  the  average  steam  pressure  given  in 
column  21. 

OokLm^n  28  gives  the  average  temperature  of  the  feed  water  for  each 
test,  as  measured  in  the  weighing  tank. 

Ciiwmn  29  gives  the  average  temperature  for  each  test  of  the  feed 
water  Miterisg  the  boiler  after  leaving  the  injector. 

CSsIumn  30  gives  the  average  temperature  of  the  flue  gases,  or  the  tem- 
p^iiture  of  the  gases  as  they  leave  the  heating  surfaces  of  the  boiler. 

Column  SI  gives  the  average  temperature  of  the  fiunace.  The 
values  given  are  averages  of  the  readings  taken  in  the  rear  of  the 
combustion  chamber  during  each  test.  All  readings  were  taken  with 
an  optical  pyrometer. 

Column  32  gives  the  total  weight  of  coal  consumed  during  each 
test.  This  is  the  weight  of  coal  as  fired,  not  reduced  to  a  dry  basis. 
The  figures  given  were  obtained  by  actual  weighing. 
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Column  SS  gives  the  total  weight  of  diy  coal  consumed  during  each 
test.  The  values  are  computed  from  the  weight  of  the  coal  as  fired 
and  the  moisture  in  the  coal.  Column  33  » column  32  x  (100  — col- 
umn 39). 

Column  34  gives  the  total  weight  of  refuse.  This  includes  all  the 
chnkers  that  were  pulled  out  through  the  furnace  doors  and  the 
free  ash  that  fell  into  the  ash  pit  during  the  entire  test.  The  figures 
were  obtained  by  actually  weighing  the  refuse.  The  method  of  fig- 
uring the  weight  of  ash  and  refuse  from  tests  on  the  Jones  imderfeed 
stoker  is  given  on  pages  38  and  39,  imder  caption  '^Weight  of  ash 
and  refuse.'' 

Column  S6  gives  the  percentage  of  clinker  in  the  total  refuse.  The 
clinkers  were  weighed  and  their  weight  was  recorded  separately.  The 
percentages  were  obtained  by  dividing  the  weight  of  the  clinkers  by 
the  weight  of  the  total  refuse  as  given  in  column  34  and  multiplying 
the  quotient  by  100.  The  figure  show  the  clinkering  properties  of  the 
coals  as  far  as  the  quantity  of  clinkers  is  concerned.  It  should  be 
kept  in  mind,  however,  that  the  trouble  caused  by  clinkers  is  by  no 
means  proportional  to  their  quantity. 

Column  36  gives  the  weight  of  the  total  combustible  consumed 

during  the  test.     The  word  consumed  as  used  here  includes  only  the 

combustible  that  in  any  form  ascends  from  the  grate  and  does  not 

include  the  combustible  that  falls  into  the  ash  pit  or  is  pulled  out 

of  the  furnace  with  the  clinkers  during  the  cleaning  of  fires.     As 

already  stated,  the  word  combustible  in  this  bulletin  signifies  coal  free 

from  ash  and  moisture.     The  figures  in  this  column  were  obtained  by 

subtracting  the  total  weight  of  refuse  from  the  total  weight  of  dry 

coal  fired. 

Column  36  =  column  33  — column  34. 

This  method  of  computing  the  weight  of  combustible  is  inaccurate 
inasmuch  as  a  great  deal  of  earthy  matter  in  the  coal  is  carried  over 
the  bridge  wall  and  out  through  the  stack  by  the  current  of  gases, 
therefore  the  earthy  matter  in  the  coal  as  determined  by  actually 
weighing  the  refuse  from  each  test  is  too  low.  Consequently  all  the 
items  in  which  column  36  is  used  as  a  basis  are  to  a  certain  varying 
extent  incorrect.  The  figures  in  this  column  were  computed  merely 
for  comparison  with  the  more  correct  figures  given  in  column  37. 

Column  37  gives  the  total  weight  of  combustible  consumed  during 
each  test.  The  values  were  computed  from  the  chemical  analyses  of 
the  coal  and  ash. 

Colunm  37  =  column  32  X  (lOO-colunm  39 -column  42)  - 

column  34  X  column  50. 
100 

This  method  of  computing  the  total  combustible  consumed  is  more 
correct  than  that  used  in  computing  column  36. 
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Column  38  gives  the  total  refuse  expressed  as  a  percentage  of  total 
diy  coal  consumed  during  each  test. 

Column  38-^^^^33X100. 

Gdlurn/ns  39,  40,  ^1,  and  42  give  the  proximate  analyses  of  the  coal 
as  fired.     The  analyses  were  made  by  the  chemical  division. 

The  values  in  column  39  are  somewhat  uncertain,  inasmuch  as  the 
smsJl  sample  of  coal  used  in  the  chemical  determination  loses  part  of 
its  moisture  while  being  prepared  from  the  larger  boiler-room  sample. 
On  a  warm,  dry,  windy  day  this  loss  of  moisture  is  greater  than  on  a 
cold,  damp,  and  quiet  day.  In  general,  it  may  be  said  that  the  moist- 
ure as  given  in  column  39  is  lower  than  that  in  the  coal  as  it  was  fired. 

Values  in  columns  40  and  41  are  based  on  arbitrary  methods  of 
driving  off  the  so-called  volatile  matter  and  weighing  the  residue  to 
determine  the  fixed  carbon  and  ash.  By  varying  the  standard  of 
conditions  under  which  the  distillation  is  effected  very  different 
results  can  be  obtained.  Thus  it  can  be  seen  that  care  should  be 
exercised  in  deducing  results  of  practical  trials  from  the  purely  arbi- 
trary results  obtained  from  proximate  analyses  of  dry  or  moist  coal. 
Coal  molecules  are  probably  complex  and,  although  little  is  known  on 
the  subject,  it  is  certain  that  the  products  and  even  the  quantities  of  the 
products  of  destructive  distillation  vary  considerably  with  the  method 
followed,  depending  on  the  temperature  and  rapidity  of  heating. 

Column  4s  gives  the  percentage  of  sulphur  in  the  coal  as  fired.  This 
item  is  separately  determined  and  does  not  make  100  when  added  to 
the  four  preceding  columns,  where  it  is  contained  mostly,  although 
not  entirely,  in  column  42. 

Columns  44,  4^,  41^,  Jfl,  48,  and  ^give  the  ultimate  analysis  of  the 
coal  reduced  to  a  dry  basis.  All  these  items  were  determined  by 
the  chemical  division  of  the  fuel-testing  plant. 

Columns  60  aiid  61  give  the  analysis  of  the  refuse.  Column  50 
gives  the  percentage  of  combustible  contained  in  the  refuse.  Colunm 
51  gives  the  percentage  of  real  ash  or  imbumable  matter  in  the  refuse. 

dAwmn  62  gives  the  average  weight  of  dry  coal  consumed  per  hour. 

^  ,  ^rt     column  33 

Column  52  =  — 1 =-i 

column  17 

Columns  63  and  64  give  the  average  weight  of  the  combustible 
consumed  per  hour. 

Column  53  =  ^'^J^ 

column  17 

*  ri  1          t'A     column  37 
Column  54  =  — , 5-=i 

column  17 

The  values  given  in  column  54  are  more  accurate  than  those  given 
in  column  53.  (See  explanation  of  columns  36  and  37  and  also 
p. 41  under  caption  "Error  in  weight  of  refuse.") 
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Column  65  gives  the  average  weight  of  dry  coal  fired  per  square 
foot  of  grate  area  per  hour. 

Column  55 column  52 

area  of  grate  in  square  feet 

Columns  66  arid  67  give  the  average  weight  of  combustible  consumed 
per  square  foot  of  heating  surface  per  hour. 

Column  66=  —, column  63 

total  water-heating  surface  of  boiler  in  square  feet 

Column  57  =  — ^. oolumn  64      

total  water*heating  surface  of  boiler  in  square  feet 

The  values  given  in  column  57  are  more  accurate  than  those  given 
in  column  66. 

Columns  68,  69,  60,  and  61  give  the  heat  value  of  the  coal  burned 
on  each  test.     These  items  were  detennined  by  the  chemical  division. 

Column  68  gives  the  heat  value  of  1  pound  of  dry  coal  determined 
by  actually  burning  1  gram  of  the  air-dried  coal  in  oxygen  in  a 
Mahler-bomb  calorimeter. 

Colwnn  69  gives  the  heat  value  of  1  poimd  of  combustible  figured 
from  the  values  in  columns  58  and  49. 

Column  59^,,,^^^^  ^8,, 

100 -column  49 

Colv/mn  60  gives  the  heat  value  of  1  pound  of  dry  coal  as  figured 
from  the  idtimate  analysis  by  Dulong's  formula. 

1          At-     {  column  46  \ 
,  . .  column  45  —  1 5 1 

Column  60  =  ^A^^  x  14,544 + ^  8 ) 

J.UU  lUL/ 

X  62,028 -I- 55l?^i8x  4,060 

In  the  above  equation  14,644  is  the  heat  value  in  B.  t.  u.  of  1 
pound  of  carbon;  62,028  the  heat  value  in  B.  t.  u.  of  1  pound  of 
hydrogen,  and  4,060  the  heat  value  in  B.  t.  u.  of  1  poimd  of  sulphur. 

Column  61  gives  the  heat  value  of  1  pound  of  combustible  calcu- 
lated from  the  idtimate  analysis  by  Dulong's  formula. 

Column  61  »-,^^^^»Q, 

100 -column  49 

Column  62  gives  the  percentage  of  moisture  in  steam.  The  values 
were  obtained  directly  from  steam-calorimeter  determinations. 

Column  63  gives  the  quality  of  tlie  steam,  taking  dry  saturated 
steam  as  unity.  In  the  values  given  in  this  coliunn  corrections  were 
made  for  the  heat  contained  in  the  moisture. 

Column  63  =  1  —  ^^^^^  ^^  +  ^^^^  ^  moisture 


100  total   heat  m   steam   above  feed- 

water  temperature 
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CobiTan  64  gives  the  total  weight  of  water  fed  to  the  boiler  during 
each  test.  The  values  given  in  this  column  were  obtauied  by  direct 
weighing  of  the  water,  not  corrected  for  moisture  in  steam. 

Column  65  gives  the  equivalent  weight  of  water  if  evaporated  at 
212°  F.  from  feed  temperature  at  212**  F.,  not  corrected  for  moisture 
in  the  steam. 

Column  65  »  colmnn  64  X  column  67 

Column  66  gives  the  total  weight  of  water  actually  evaporated, 
corrected  for  the  moisture  in  the  steam. 

C!olumn  66  =  column  64  X  column  63 

Cokmtn  67  gives  the  factor  of  evaporation. 

total  heat  of  saturated  steam   at  pressure  eiven   in 
column  21— heat  in  water  at  temperature  shown  in 

Column  67 2?!HE5_28 

965.7 

Column  68  gives  the  weight  of  equivalent  water  evaporated  into 
dry  steam  at  212''  F.  from  feed  water  at  212"*  F. 

Colimin  68  =  column  66  X  column  67. 

Coiwmn  69  gives  the  weight  of  water  actuaUy  evaporated  per  hour 
corrected  for  quality  of  steam. 

Column  69 -gg!""""?; 

column  17 

Column  70  gives  the  equivalent  evaporation  per  hour. 

Column  70 -^°i»^'^-?! 

column  1/ 

Column  71  gives  the  average  equivalent  evaporation  per  square 
foot  of  water-heating  surface  per  hour. 

total  heating  surface  of  boiler 

Column  72  gives  the  average  boiler  horsepower  developed  during 
each  test.  One  boiler  horsepower  has  been  taken  to  be  equal  to  tlie 
evaporation  of  34.5  poimds  of  water  per  hour  from  and  at  212®  F. 

Column  72 -??^"^5J70 

34.5 

Column  7S  gives  the  horsepower  of  the  boiler  as  rated  by  the 
builder.    This  item  is  the  same  for  all  the  tests. 
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CiAumn  74  gives  the  capacity  of  the  boiler  developed  on  each  test, 
the  capacity  being  expressed  as  a  percentage  of  the  horsepower  of 
the  boiler,  as  rated  by  the  builder. 

column  72 


Colunm  74  = 


210 


Column  75  gives  the  weight  of  water  in  pounds  evaporated  per 
pound  of  coal  as  fired  under  actual  conditions.  The  weight  of  water 
was  not  corrected  for  quality  of  steam. 

column  64 


Column  75  = 


colunm  32 


Colwmn  76  gives  the  equivalent  evaporation  per  pound  of  coal  as 
fired.  The  weight  of  water  evaporated  was  corrected  for  moisture  in 
steam. 

Column  76=2^^52541 

column  32 

Column  77  gives  the  equivalent  evaporation  per  pound  of  dry  coal 
The  weight  of  water  was  corrected  for  moisture  in  steam. 

Column  77  =£^H5E^ 

column  33 

Columns  78  and  79  give  the  equivalent  evaporation  per  pound  of 
combustible  calculated  by  two  methods.  The  weight  of  water  was  cor- 
rected for  moistm^  in  steam.    The  values  given  in  column  79  are  the 

more  accmrate. 

colunm  68 


Column  78 


Column  79  = 


column  36 

column  68 
colunm  37 


Columns  80  and  81  give  the  efficiency  of  boiler  and  furnace.  This 
efficiency  is  the  ratio  of  the  heat  absorbed  by  the  boiler  to  the  heat  of 
the  combustible  consumed.  The  combustible  consumed  is  the  com- 
bustible ascending  from  the  grate  and  is  equal  to  the  total  combustible 
fired  upon  the  grate  minus  the  combustible  falling  into  the  ash  pit  or 
pulled  out  of  the  furnace  door  with  the  clinkers  when  cleaning  fire. 
As  explained  in  connection  with  columns  36  and  37,  two  methods 
were  used  in  computing  this  combustible  consumed.  The  furnace 
and  boiler  efficiencies  have  been  computed  for  the  combustible 
obtained  by  both  methods  of  computation.  The  values  given  in 
colunm  81  are  more  accurate  than  those  given  in  colimm  80. 

r^  1  o/>         column  68  X  965.7 

Column  80  =  column  36  X  column  59 

^  ,  ^,  column  68  X  965.7 

Column  81  = 


column  37  X  column  59 
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The  efiSciency  given  in  columns  SO  and  81  is  the  same  as  item  72 
in  tiko  American  Society  of  Mechanical  Engineers'  code  for  testing 
boilers,  in  which  it  is  defined  as  the  quotient  of  the  heat  absorbed  by 
the  boiler  per  pound  of  combustible  consumed  divided  by  the  beat 
in  1  pound  of  combustible. 

Column  8S  gives  the  over-all  efficiency  of  the  steam-generating 
apparatus.  It  is  the  ratio  of  the  heat  absorbed  by  the  boiler  to  the 
heat  of  the  coal  fired  upon  the  grate.  This  item  includes  the  efficiency 
of  the  grate,  the  furnace,  and  the  boiler;  it  is  the  same  as  item  73  of 
the  American  Society  of  Mechanical  Engineers'  code  for  conducting 
boiler  triab,  in  which  it  is  defined  as  the  quotient  of  the  heat  absorbed 
per  pound  of  dry  coal  fired  divided  by  the  heat  value  of  1  pound  of 
dry  coal. 

„  ,  column  68  X  965.7 

Column  92  -  colu^  33  X  column  58 

Column  8S  gives  the  density  of  smoke  in  percentages,  Ringelmann's 
chart  No.  5  being  taken  as  100  per  cent  and  chart  No.  0  as  0  per  cent. 
Each  chart  represents  a  20  per  cent  increase.    If  the  average  smoke 
reading  corresponded  to  chart  No.  2  the 
density  of  smoke  was  called  40  per  cent;  if 
the  reading  corresponded  to  chart  No.  3^ 
the  smoke  was  called  70  per  cent  black. 

Column  84  gives  the  method  of  firing 
used  on  each  test. 

The  spreading  method  of  firing  is  one  in 
which  the  charge  of  coal  ia  spread  evenly 
over  the  entire  grate  area. 

The  alternate  method  of  firing  is  one  in  i^aDEBi8.-Meihod  of  flnng  three. 
which  the  fresh  coal  is  spread  alternately 

on  one-half  of  the  grate  area.  The  alternate  firing  used  on  most 
of  the  tests  was  done  as  shown  in  figure  16.  The  furnace  had  three 
firing  doors.  On  one  firing  the  parts  of  the  grate  marked  1  in  the 
figure  were  covered  with  fresh  fuel;  on  the  next  firing  the  parts 
marked  2  were  covered,  so  that  only  one-half  of  the  grate  was  dis- 
tilling gases  at  a  time,  and  these  gases  were  intermingled  with  three 
streams  of  hot  air  coming  through  the  uncovered  portions  of  the 
incandescent  fuel  bed. 

Column  85  gives  the  average  thickness  of  the  fuel  bed  during  each 
test.  The  valuea  given  in  this  colunm  are  only  approximate,  as  they 
are  merely  the  estimates  of  the  man  in  charge  of  the  fire. 

Cdamn  86  gives  the  approximate  average  intervals  between  firings. 
The  values  given  in  this  table  were  obtained  by  dividing  the  duration 
of  the  test  by  the  number  of  firings;  consequently  these  intervals  are 
somewhat  too  long,  inasmuch  as  during  the  cleanings  of  the  fire  no 
coal  was  fired. 

99133°— Bnll.  23—12 6 
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Column  87  gives  the  approximate  average  intervab  between  the 
leveling  or  breaking  of  the  fire  with  a  rake  or  a  slice  bar.  The  values 
given  in  this  column  were  obtained  by  dividing  the  duration  of  the 
test  by  the  number  of  rakings  and  breakings.  The  raking  and  break- 
ing of  the  fire  was  recorded  by  the  man  in  charge  of  the  fire. 

Columns  88,  89,  90,  and  91  give  the  average  analyses  of  flue  gases. 
The  samples  were  always  collected  by  one  of  the  special  flue-gas 
samplers  described  on  page  29  under  caption  ''Flue-gas  samplers." 
These  samples  were  collected  during  a  period  of  either  one  hour  or 
half  an  hour.    Analyses  were  made  with  an  Orsat  apparatus. 

Column  92  gives  jbhe  weight  of  the  dry  gases  residting  from  burning 
1  pound  of  combustible.  The  values  given  in  the  table  were  com- 
puted from  the  flue-gas  analyses  by  the  following  formula: 

Weight  of  gas  per  pound  of  combustible  = 

[11  X  CO3  +  8  X  Oa  4-  7 (CO  4-  N;)]  X  per  cent  carbon  in  combustible 

3(CO,+CO)X100 

Or  since  CO,  -h  O, + CO  +  N,  =  1 00  always. 

Weight  of  gas  per  pound  of  combustible  = 

(4  X  CO2  -I-  O;  4-  700)  X  per  cent  carbon  in  combustible 

3(Cb,+Cb)XlOO 

column  44 


Per  cent  carbon  in  combustible  = 


100 -column  49 


Column  93  gives  the  heat  value  of  1  pound  of  combustible.  This 
is  the  same  item  as  given  in  column  59. 

Columns  94,  96,  96,  97,  98,  and  99  give  the  heat  balance  or  the 
distribution  of  the  heat  of  each  pound  of  combustible  consumed  dur- 
ing each  test. 

Column  94  gives  the  quantity  of  heat  (B.  t.  u.)  absorbed  by  the 
boiler  per  pound  of  combustible  consumed. 

Column  94  =  22lHE5J68>^657 

column  37 

Column  96  gives  the  quantity  of  heat  (B.  t.  u.)  carried  away  by 
moisture  in  the  coal  per  pound  of  combustible  consumed. 

Column  95 =M  X  [(212  -  column  26)  +  965.7  +  (column  30  -  212)  X  0.48] 
where  M  is  the  weight  of  moisture  in  poimds  accompanying  1 
pound  of  combustible. 

column  39 


M  = 


column  40  + column  41 
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Column  96  gives  the  quantity  of  heat  (B.  t.  u.)  carried  away  in 
the  moisture  formed  by  burning  the  hydrogen  of  the  coal  per  pound 
of  combustible  consumed. 

Column  96  =  9  H  [(212 -column  26) +  965.7+ (column  30-212)  X 
0.48],  where  H  is  weight  of  hydrogen  in  pounds  in  1  pound  of 
combustible. 

column  45 


H= 


100  -  column  49 


Column  97  gives  the  quantity  of  heat  (B.  t.  u.)  carried  away  in 
the  dry  gaseous  products  of  combustion  per  pound  of  combustible 
consumed. 

Column  97  «  column  92  X  0.24  x  (colunm  30-colunm  26). 

Column  98  gives  the  quantity  of  heat  (B.  t.  u.)  lost  in  CO  per 
pound  of  combustible  consumed 

^  ,          ^^         CO      ^^    per  cent  carbon  in  combustible   X   10,150 
Column  98 = cq^^cO  ^     100 

Per  cent  carbon  in  combustible  = 


1 00  -  column  49 


Colwmn  99  gives  the  quantity  of  heat  (B.  t.  u.)  lost  in  radiation 
and  other  unaccounted-for  losses  per  pound  of  combustible  consumed. 

Colunm  99  =  colunm  93-  (columns  94,  95,  96,  97,  and  98) 

As  this  column  is  obtained  by  difference,  it  contains  all  the  errors 
made  in  the  boiler  room  and  the  chemical  laboratory.  The  values 
given  in  this  colunm  are  accurate  only  within  3  to  5  per  cent. 

Columns  100,  101,  102,  lOS,  104,  and  105  give  all  the  items  of  the 
heat  balance  expressed  as  percentages  of  the  heat  of  1  pound  of 
combustible. 

column  94 


Colunm  100 

Colmnn  101  - 
Column  102  = 

Column  103  = 

Colunm  104  = 


column  93 

column  95 
colxmm  93 
column  96 
column  93 

column  97 
column  93 

column  98 
column  93 


Column  105, column  99 

colimim  93 
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NOTBS  ON  INDIVXDtTAL  TESTS. 

In  these  notes  the  tests  are  arranged  in  the  order  oi  the  States  from 
which  the  coals  came^  and  under  each  State  in  the  order  of  the  coal 
numher,  as  given  by  the  Survey's  collectors. 

The  word  "freely,"  when  it  refers  to  the  burning  of  the  coal, 
means  that  the  pieces  of  coal  burned  separately  without  fusing  or 
caking  together.  The  two  phrases  ''coal  burned  freely"  and  ''coal 
caked"  are  used  to  denote  conditions  exactly  opposite.  When  the 
coal  ignited  easily  and  burned  quickly  the  notes  state  that  ''coal 
burned  quickly." 

The  length  and  color  of  the  flame  was  estimated  by  the  man  in 
charge  of  the  fire.  To  express  the  length  of  the  flame  in  definite 
terms  was  difficult,  and  consequently  five  expressions  having  rela- 
tive value  were  agreed  upon  and  used.  These  expressions  were: 
Very  short,  short,  medium,  loii^,  and  very  long.  In  making  any 
comparison  of  the  different  coals  on  the  basis  of  the  length  of  flame 
it  should  be  borne  in  mind  that  the  length  oi  the  flame  depends  not 
only  on  the  nature  of  the  coal  but  also  on  the  rate  of  combustion 
and  on  the  air  supply.  With  the  same  coal  the  higher  the  rate  of 
combui^on  the  longer  the  flame.  It  may  be  said  here  that  in  the 
same  furnace  the  length  of  the  flame  depends  on  the  amount  of 
volatile  combustible  matter  distiUed  from  the  coal  in  a  unit  time, 
and  on  the  chemical  composition  of  this  volatile  combustible  matter. 

The  term  ''flake  sulphur"  rafeis  to  flakes  of  calcium  60^>hat6  or 
gypsum. 

The  expression ' '  furnace  door  cracked ' '  means  that  the  f umaee  doors 
were  left  slightly  open  after  each  firing  to  admit  additional  air  above 
the  fuel  bed  so  as  to  reduce  the  smoke.  The  expression  "automatie 
air  admission  operated  "  refers  to  the  use  of  the  automatic  device  for 
admitting  air,  described  on  page  20. 

These  notes  also  contain  statements  as  to  the  unrdiability  of  some 
observations. 

The  value  of  coal  as  a  fuel  for  making  steam  depends  to  a  great 
extent  on  the  character  of  its  ash  and  the  behavior  of  the  latter  in 
the  furnace.  Of  two  coals  otherwise  alike  the  one  forming  clinkeni 
on  the  grate  is  in  general  of  less  value  than  the  coal  that  leaves  a 
free  ash.  Again,  of  two  coals  forming  clinkers,  the  one  whose  clinker 
fuses  to  the  grate  and  is  removed  with  difficulty  is  of  less  value  than 
the  coal  whose  clinker  does  not  adhere  to  the  grate.  For  this  reason 
it  is  stated  in  these  notes  whether  the  coal  formed  clinker  and  whether 
the  clinker  wa3  easily  removed.  The  color  and  the  general  a{^)ear- 
ance  of  the  clinker  were  also  noted  in  the  belief  that  such  records  might 
help  in  the  deduction  of  some  useful  conclusions. 
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When  trouble  from  clinker  was  expected  steam  was  introduced 
under  the  grate.  Undoubtedly  in  a  large  number  of  cases  the  steam 
prevented  the  clinker  from  adhering  to  the  grate.  Whenever  the 
steam  was  used  under  the  grate  the  notes  so  state.  This  use  of 
steam  should  receive  proper  consideration  when  studying  the  clinker- 
ing  qualities  of  coals.  The  quantity  of  steam  thus  used  was  never 
measured  and  the  heat  carried  away  by  superheating  this  steam  to 
fiue-gaa  temperature  was  never  separately  accounted  for.  This  loss 
is  therefcM^  contained  in  the  last  item  of  the  heat  balance. 


Test  No.  S82;  No,  2B, — The  coal  contained  large  quantities  of  free 
slate  and  considerable  dirt;  and  burned  freely.  Automatic  air  admis- 
sion was  not  operated.  A  heavy  clinker  of  reddish-brown  color  was 
formed  on  the  grate;  it  was  easily  broken  up  and  removed^ 

Test  No.  S8S;  No.  2B. — ^Automatic  air  admission  was  operated.  A 
smaQ  amount  of  reddish  brown  clinker  formed  on  the  grate;  it  was 
easily  removed. 

Test  No.  410 ;  No.  2B  Qarge  and  small  Iriqaets). — ^The  briquets  held 
together  well  in  the  fire  and  burned  with  a  long  flame;  the  large 
briquets  were  broken  in  halves.  Automatic  air  admission  was  not 
operated.  The  fire  was  easily  handled.  The  flue-gas  temperature 
is  questionable. 

Test  No.  S90;  No.  S. — ^Thin  layers  of  very  bright  coal  alternated  with 
a  dull  gray  substance.  The  layers  were  often  irregular,  sometimes 
forming  curves  much  like  the  grain  in  a  knot  of  wood.  The  fracture 
was  very  irregular,  forming  rough  surfaces.  Free  slate  occurred  in 
large  quantities.  The  coal  burned  freely  with  a  long  flame.  Auto- 
matic air  admission  was  not  operated.  The  fire  doors  were  partly 
open  for  short  intervals  after  each  firing.  A  thick  layer  of  light 
porous  clinker  of  light-brown  color  formed  on  the  grate;  it  was  easily 
broken  and  removed.    The  flue-gas  samples  are  questionable. 

Test  No.  394;  ^O'  ^' — ^Layers  of  black  coal  alternated  with  layers  of 
a  dull  substance.  The  fracture  was  irregular,  forming  rough  surfaces. 
Slate  was  contained  in  large  quantity  in  thin  and  thick  layers  well 
distributed. 

The  coal  burned  slowly  with  medium  length  of  flame  and  caked. 
Automatic  air  admission  was  not  operated.  A  thick  layer  of  porous 
clinker  of  light-brown  color  was  formed  on  the  grate;  it  was  easily 
removed.    The  rated  capacity  of  boiler  was  difficult  to  get. 

Test  No.  S75;  No.  4- — ^  considerable  quantity  of  lump  slate  was 
present  in  the  coal.  Flake  sulphur  occurred  in  small  quantities.  The 
coal  was  friable  and  could  be  crumbled  in  the  hands;  it  burned  with 
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a  long  flame.  Steam  was  used  in  the  ash  pit.  Automatic  air  admis- 
sion was  not  operated.  The  furnace  doors  were  cracked  after  each 
firing.  A  thick  layer  of  reddish-brown  solid  clinker  formed  on  the 
grate;  it  was  broken  up  with  difficulty  and  removed  in  large  pieces. 

Test  No.  376;  No,  4- — One-half  of  the  observations  of  furnace 
temperature  were  too  low  to  be  read  with  the  Wanner  optical  pyro- 
meter; moisture  in  the  steam  was  estimated.  The  coal  burned  with 
a  long  flame;  it  caked  and  required  frequent  working.  Steam  was 
used  in  the  ash  pit.  Automatic  air  admission  was  not  operated. 
The  furnace  doors  were  cracked  for  a  short  interval  after  each  firing. 
A  light  solid  clinker  of  reddish-brown  color  formed  on  the  grate  and 
was  broken  up  with  difficulty. 

Test  No.  377;  No.  4- — The  coal  burned  with  a  short  flame  and  caked; 
the  fuel  bed  required  considerable  attention.  Automatic  air  admis- 
sion was  not  operated.  A  light  plastic  clinker  formed  on  the  grate; 
it  was  easily  removed.     The  moisture  in  the  steam  was  estimated. 

Test  No.  378;  No.  4- — The  furnace  temperature  was  too  low  to  be 
read  by  the  Wanner  optical  pyrometer.  The  coal  burned  rapidly 
with  a  long  yellow  flame  and  caked;  the  fuel  bed  required  consider- 
able attention.  Automatic  air  admission  was  operated.  A  light 
porous  clinker  of  brownish  color  formed  on  the  grate;  it  was  easily 
removed. 

Test  No.  4^3;  No.  4  (h^ge  and  smaU  hriguets). — ^Moisture  in  the 
steam  was  estimated.  The  briquets  held  together  well  in  the  fire 
and  burned  rapidly  with  a  long  bright  flame;  the  large  briquets  were 
broken  in  halves  before  firing.  Automatic  air  admission  was  not 
operated,  .^^ark,  heavy,  plastic  cUnker  formed  over  the  grate;  it 
adhered  tightly  to  the  side  walls  and  was  removed  with  some  difficulty. 

Test  No.  478;  No.  5. — Coal  burned  slowly  with  a  short  flame,  and 
caked.  The  fuel  bed  required  considerable  attention.  Automatic 
air  admission  was  not  operated.  A  porous  brittle  clinker  of  dark- 
grayish  color  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  480;  No.  5. — The  coal  burned  slowly  with  a  short  flame, 
and  the  fuel  bed  required  considerable  attention.  Automatic  air 
admission  was  not  operated.  A  large  amount  of  brittle  porous 
clinker  of  dark  gray  color  formed  on  the  grate;  it  was  easily  removed. 
The  ash  pit  was  under  pressure. 

Test  No.  484>  No.  6. — The  coal  was  partly  in  layers  and  partly  of 
crystalline  formation;  it  contained  large  quantities  of  slate.  The 
coal  burned  with  a  long  flame;  the  volatile  matter  distilled  off  quickly. 
Automatic  air  admission  was  not  operated.  The  furnace  doors  were 
cracked  after  each  firing.  Loose  brittle  clinker  formed  on  the  grate; 
it  was  easily  removed. 
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ARKANSAS. 

Test  No.  £93;  No.  7A. — ^The  coal  burned  slowly  with  a  slow  flame 
and  caked.  Steam  was  used  in  the  ash  pit.  Automatic  air  admis- 
sion was  not  operated.  The  fuel  bed  required  considerable  attention. 
Heavy  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  £94;  No.  7 A. — ^The  coal  burned  slowly  with  a  short  flame 
and  caked.  Automatic  air  admission  was  not  operated.  A  thin 
layer  of  heavy,  solid  clinker  formed  on  the  grate;  it  was  removed 
with  difficulty.    The  ash  pit  was  under  pressure. 

Test  No.  £97;  No.  8. — ^The  coal  contained  large  quantities  of  very 
hard  slate;  it  burned  slowly  and  freely  with  a  short  flame.  A  very 
hard,  solid,  nonporous  clinker  formed  on  the  grate;  it  was  easily 
removed.    Automatic  air  admission  was  not  operated. 

Test  No.  808;  No.  8  (vxished). — ^The  coal  crumbled  in  the  fire  and 
burned  slowly  with  a  short  flame.  Steam  was  used  in  the  ash  pit. 
Automatic  air  admission  was  not  operated.  A  thin  layer  of  very 
heavy  and  solid  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test.  No.  309;  No.  8  (tDoshed). — ^Automatic  air  admission  was  not 
operated.  A  thin  layer  of  very  heavy  clinker  formed  on  the  grate, 
impeding  the  air  supply;  it  was  easily  removed.  Flaming  in  the 
stack  was  noted  at  intervals. 

Test  No.  34O;  No.  10. — ^The  coal  bmmed  with  a  short  flame.  Auto- 
matic air  admission  was  not  operated.  Free  ash,  light  in  weight, 
formed  on  the  grate.  In  this  test  an  effort  was  made  to  obtain  high 
capacity. 

FLOBIDA. 

Test  No.  386;  No.  1  (compressed  peai). — ^The  peat  burned  freely  and 
quickly  with  a  very  long  flame.  The  briquets  did  not  crumble  in 
fire.  Automatic  air  admission  was  operated.  The  fire  was  easily 
handled.  A  small  amount  of  heavy  clinker  of  brownish  color  formed 
on  the  grate;  it  was  easily  removed.  High  capacity  was  developed. 
The  moisture  in  the  steam  was  estimated. 

OEOBaiA. 

Test  No.  481;  No.  I. — The  coal  burned  freely  and  rapidly  with  a 
long  flame.  Automatic  air  admission  was  not  operated.  A  large 
amount  of  loose  clinker  formed  on  the  grate;  it  was  quickly  removed. 

ILUNOIS. 

Test  No.  106;  No.  6B  (vxisTied). — ^The  coal  burned  quickly  with  a 
long  flame   and   caked.    The  fuel  bed  required   much  attention. 
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Heavy  clinker  of  dark-brown  color  formed  on  the  grate^  but  was 
easily  removed.  Molten  refuse  dropped  into  the  ash  pit.  Steam 
was  used  in  the  ash  pit.  The  conditions  of  the  test  were  unfavorable; 
a  better  evaporation  should  have  been  obtained.  Automatic  air 
admission  was  not  operated, 

Test  No.  SIS;  No.  6B  (bri^iuets).— The  briquets  held  their  shape 
well  in  the  fire  and  burned  with  a  long  flame;  they  were  broken  in 
half  before  firing.  A  very  light  and  porous  clinker  formed  on  the 
grate;  it  was  easily  removed.  Automatic  air  admission  was  operated. 
The  test  was  too  short  for  reliable  results. 

Test  No.  SI 4;  No.  6B  (triquets). — ^The  briquets  burned  with  a  long 
flame;  they  were  broken  in  halves  before  firing.  A  hard,  solid 
clinker  formed  in  a  thick  layer  over  the  grate;  it  was  easily  removed. 
Automatic  air  admission  was  not  operated.  The  test  was  too  short 
for  reliable  results. 

Test  No.  192;  No.  7C. — ^The  coal  burned  slowly  with  a  short  white 
flame  and  caked  badly.  The  fuel  bed  required  much  attention.  A 
heavy  clinker  of  dark-brown  color  formed  on  the  grate;  it  was  easily 
removed.  Steam  was  used  in  the  ash  pit.  Automatic  air  admission 
was  not  operated. 

Test  No.  Ii9;  No.  7C  (washed).— The  coal  burned  slowly  and 
caked.  Heavy  clinker  of  dark-gray  color  and  free  ash  formed  on  the 
grate.  The  fires  were  easily  cleaned.  The  furnace  doors  were 
cracked  for  one  minute  after  each  firing.  Automatic  air  admission 
was  not  operated. 

Test  No.  142;  No.  IT). — ^The  coal  burned  rapidly  with  a  yellow 
flame  and  caked.  Automatic  air  admission  was  operated.  Clinker 
formed  in  a  heavy  mass  over  the  entire  grate;  it  was  easily  removed. 
The  free  ash  was  gray  in  color. 

Test  No.  I4S;  No.  7D. — The  coal  burned  rapidly  with  a  yellow 
flame  and  caked.  .The  clinker  was  of  a  dark-red  color,  heavy  and 
blisteiy  in  appearance;  it  was  easily  removed  from  the  grate  on 
which  it  formed  in  a  compact  bed.  Automatic  air  admission  was 
operated. 

Test  No.  146;  No.  7D. — ^The  coal  burned  slowly.  Very  heavy 
clinker  of  dark-brown  color  formed  in  a  layer  over  the  grate.  Auto- 
matic air  admission  was  operated. 

Test  No.  616;  No.  7E. — ^The  coal  burned  with  a  short  flame. 
Automatic  air  admission  was  not  operated.  A  large  amount  of 
clinker  formed  on  the  grate;  it  was  easily  removed.  The  ash  pit 
was  under  pressure. 

Test  No.  101;  No.  8. — ^The  fuel  bed  required  much  attention. 
Clinker  matted  on  the  grate.    The  conditions  of  the  test  were 
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UDfayorable;  a  better  ey&por&tion  should  hare  been  obtained.    Auto- 
matic air  admission  was  not  operated. 

Tesi  No.  lOS;  No.  8. — ^Tbe  coal  burned  freely  with  a  long  flame; 
the  fuel  bed  required  much  attention.  Daric  and  heaTj  clinker 
fonned  on  the  grate;  it  was  easilj  remoyed.  Steam  was  used  in  the 
ash  pit.  The  conditions  of  the  test  were  unfavorable;  a  better 
CTaporation  should  hare  been  obtained.  Automatic  sir  admission 
was  not  operated. 

Test  No,  lOS;  No,  9A, — ^The  coal  burned  yery  fireelj  with  a  long 
flame.  The  clinker  was  easily  removed  from  the  grate.  Steam  was 
used  in  the  ash  pit.  The  conditions  of  the  test  were  nnfavorable;  a 
better  evaporation  should  have  been  obtained.  Automatic  air 
admission  was  not  operated. 

Tett  No.  104;  ^o.  0A. — ^The  coal  burned  very  freely  with  a  long 
flame.  The  fire  required  much  attention.  A  dark  and  heavy 
clinker  formed  on  the  grate;  it  was  easily  removed.  Steam  was 
used  in  the  ash  pit.  The  conditkms  of  the  test  were  unfavorable; 
a  better  evaporation  should  have  been  obtained.  Automatic  air 
admission  was  not  operated. 

Test  No.  105;  No,  9A. — ^The  coal  burned  freely  with  a  long  flame. 
Dark  and  heavy  clinker  formed  on  the  grate;  it  was  easily  removed. 
Molten  refuse  dropped  into  the  ash  pit.  Steam  was  used  in  the  ash 
pit.  The  conditions  of  the  test  were  mtfavorable;  a  better  evapora- 
tion should  have  been  obtained.  Automatic  air  admission  was  not 
operated. 

Te9t  No.  lis,  No.  9 A  {washed) .—T!he  coal  burned  rapidly  with  a 
long  flame  and  caked;  the  fuel  bed  required  much  attention.  A 
heavy  cJinkor  of  thrown  color  formed  on  the  grate;  it  was  easily 
removed.  Steam  was  used  in  the  ash  pit.  The  conditions  of  the 
test  were  unfavorable;  a  better  evaporation  should  have  been  ob- 
tained.   Automatic  air  admission  was  not  operated. 

Test  No,  121;  No,  9B, — The  coal  burned  very  rapidly  and  caked; 
the  fuel  bed  required  much  attention.  Molten  refuse  dropped  into 
the  ash-pit.  Soft  heavy  clinker  of  dark  color  formed  over  the  grate; 
it  was  easily  removed.    Automatic  air  admission  was  not  operated. 

Test  No.  49£;  No.  9C  (briqueU). — Automatic  air  admission  was  not 
operated.  The  fuel  bed  required  considerable  attention.  A  large 
amount  of  clinker  formed  on  the  grate;  it  was  easily  removed.  The 
ash  pit  was  kept  under  pressure. 

Te^  No.  107;  No.  10. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  The  clinker  was  heavy  and  of 
brown  color,  but  was  easily  removed  from  the  grate.  A  little  steam 
was  used  in  the  ash  pit.    The  conditions  of  the  test  were  unfavorable; 
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a  better  eYaporation  should  have  been  obtained.  Automatic  air 
admission  was  not  operated. 

Test  No.  108;  No.  10. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  The  clinker  was  heavy  and  of 
brown  color,  but  was  easily  removed  from  the  grate.  Steam  was 
iised  in  the  ash  pit.  There  was  not  much  smoke  in  the  forenoon  but 
there  was  considerable  in  the  afternoon.  The  conditions  of  the  test 
were  unfavorable;  a  better  evaporation  should  have  been  obtained. 
Automatic  air  admission  was  not  operated. 

Test  No.  109;  No.  10. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  The  clinker  was  brown  and 
heavy,  but  was  easily  removed  from  the  grate.  Steam  was  used  in 
the  ash  pit.  The  conditions  of  the  test  were  unfavorable;  a  better 
evaporation  should  have  been  obtained.  Automatic  air  admission 
was  not  operated. 

Test  No.  110;  No.  10. — ^The  coal  biumed  very  rapidly  and  caked; 
the  fuel  bed  required  much  attention.  A  dark-brown  clinker  fused 
to  the  grate.  Steam  was  used  in  the  ash  pit.  The  conditions  of  the 
test  were  tmfavorable;  a  better  evaporation  should  have  been  ob- 
tained.   Automatic  air  admission  was  not  operated. 

Test  No.  114j  No.  10  (vxished). — ^The  coal  burned  rapidly  and 
caked;  the  fuel  bed  required  much  attention.  The  furnace  was 
much  hotter  at  the  end  of  the  test  than  at  the  start.  The  clinker 
was  dark  and  heavy;  it  was  easily  removed  from  the  grate.  Steam 
was  used  in  the  ash  pit.  The  conditions  of  the  test  were  unfavorable; 
a  better  evaporation  should  have  been  obtained.  Automatic  air 
admission  was  not  operated. 

Test  No.  137;  No.  11  A. — ^A  layer  of  clinker  formed  on  the  grate; 
it  was  easily  removed.     Automatic  air  admission  was  operated. 

Test  No.  1S8;  No.  11  A. — ^The  coal  burned  slowly.  Heavy  clinker 
of  brown  color  formed  on  the  grate;  it  was  easily  removed.  Auto- 
matic air  admission  was  operated. 

Test  No.  139;  No.  11  A. — A  layer  of  clinker  formed  on  the  grate; 
it  was  removed  easily.     Automatic  air  admission  was  operated. 

Test  No.  I4I;  No.  IIA. — ^The  coal  biurned  slowly.  Heavy  clinker 
of  dark  brown  color  formed  on  the  grate;  it  was  easily  removed.  The 
free  ash  was  gray  in  color.    Automatic  air  admission  was  operated. 

Test  No.  HI;  No.  IIB. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  Heavy  clinker  of  brown  color 
adhered  to  the  grate..  Molten  refuse  dropped  into  the  ash  pit.  The 
conditions  of  the  test  were  unfavorable;  a  better  evaporation  should 
have  been  obtained.    Automatic  air  admission  was  not  operated. 

Test  No.  112;  No.  IIB. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.    Heavy  clinker  of  brown  color 
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adhered  to  the  grate  and  was  difScult  to  remove.  Steam  was  used 
in  the  ash  pit.  The  conditions  of  the  test  were  unfavorable;  a  better 
evaporation  should  have  been  obtained.  Automatic  air  admission 
was  not  operated. 

Test  No.  116;  No.  IIB. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  Heavy  clinker  of  brown  color 
formed  on  the  grate;  it  was  easily  removed.  Steam  was  used  in  the 
ash  pit.  The  conditions  of  the  test  were  unfavorable;  a  better 
evaporation  should  have  been  obtained.  Automatic  air  admission 
was  not  operated. 

Test  No.  116;  No.  IIB. — The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  Heavy  clinker  of  brown  color 
formed  on  the  grate;  it  was  easily  removed.  Steam  was  used  in  the 
ash  pit.  The  conditions  of  the  test  were  unfavorable;  a  better 
evaporation  should  have  been  obtained.  Automatic  air  admission 
was  not  operated. 

Test  No.  117;  No.  IIB. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  Heavy  clinker  of  brown  color 
formed  on  the  grate;  it  was  easily  removed.  Molten  refuse  dropped 
into  the  ash  pit.  The  conditions  of  the  test  were  unfavorable;  a 
better  evaporation  should  have  been  obtained.  Steam  was  used  in 
the  ash  pit.    Automatic  air  admission  was  not  operated. 

Test  No.  118;  No.  IIB. — ^The  coal  burned  rapidly  and  caked;  the 
fuel  bed  required  much  attention.  Heavy  clinker  of  brown  color 
formed  on  the  grate;  it  was  easily  removed.  Steam  was  used  in  the 
ash  pit.  The  conditions  of  the  test  were  unfavorable;  a  better 
evaporation  should  have  been  obtained.  Automatic  air  admission 
was  not  operated. 

Test  No.  119;  No.  IIB. — ^The  coal  burned  rapidly  and  caked. 
Molten  refuse  dropped  into  the  ash  pit.  Heavy  clinker  of  dark- 
brown  color  formed  on  the  grate;  it  was  easily  removed.  Steam  was 
used  in  the  ash  pit.  The  conditions  of  the  test  were  unfavorable;  a 
better  evaporation  should  have  obtained.  Automatic  air  admission 
was  not  operated. 

Test  ISO;  No.  11 C. — ^The  coal  burned  rapidly  and  caked;  the  fuel 
bed  required  much  attention.  A  thin  layer  of  tough  heavy  clinker 
of  dark  color  formed  over  the  entire  grate;  it  was  easily  removed. 
The  conditions  of  the  test  were  unfavorable;  a  better  evaporation 
should  have  been  obtained.  Automatic  air  admission  was  not 
operated.     The  coal  was  washed  at  the  mine. 

Test  No.  312;  No.  11 C  (briquets). — ^The  briquets  were  broken  in 
halves  before  firing  and  burned  freely;  the  volatile  matter  distilled 
slowly.    Automatic  air  admission  was  operated  one  minute  after 
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firing.  A  light  porous  ctinkear  £onned  on  the  gnute;  it  was  emaily 
removed.  The  test  was  too  short  for  raUidriie  results.  The  «do1  was 
washed  at  the  mine. 

Test  No.  127;  No.  12. — The  coal  burned  very  ra^ndly  And  caked 
somewhat.  The  clinker  was  brown  in  oolor  and  haayy.  Large 
pieces  of  free  ash  light  iu  color  formed  on  the  gmta.  Tks  fiza  Aoo€& 
were  cracked  for  one  minute  altw  eseh  firing.  Aaitomajtic  air  adaua- 
sion  was  not  operated*. 

Teat  No  128;  No.  12.— The  fire  was  easily  cLeanad.  Tfaa  fuel  bed 
required  Uttle  attention.  Dimng  the  entire  test  the  siaek  daotper 
was  closed  during  firiogs.    Automatic  air  admiasioa  was  not  <^erated. 

Test  No.  ISl;  No.  12.— The  coai  buraed  slowly  with  a  yellow  flame. 
The  clinker  was  brown  and  heary;  it  was  easily  removed  from  the 
grate.  The  free  ash  was  light  gray  in  color.  Automatic  air  admisaicm 
was  not  operated. 

Test  No.  ISS;  No.  12. — The  clinker  was  easily  remoYod  (pom  the 
grate.    Automatic  air  admission  was  not  operated* 

Test  No.  136;  No.  12  {washed).— Tb0  coal  burned  froely.  Clinker 
formed  in  a  thin  layer  on  the  griate,  but  was  easily  removed.  The 
test  was  run  for  maximum  capacity.  Automatic  air  admission  was 
operated. 

Test  No.  136;  No.  12.— The  coal  burned  elowlj  with  a  shiHrt  yellow 
flame.  Molten  refuse  dr(^[>ped  into  the  ash  pit.  Clinker  formed  on 
the  grate,  but  was  easily  removed.  Automatie  air  admission  was 
operated. 

Test  No.  463;  No.  12B  (ftri^u^).— Ilie  briquate  burned  slowly 
with  a  short  flame.  Steam  was  used  in  the  ash  pit.  A  ikin  brown 
clinker  formed  on  the  grate;  it  was  easily  removed^  Forced  draft 
was  used  one-half  hour  before  cleaning. 

Test  No.  132;  No.  IS.— The  coal  burned  finady.  Molten  rafuse 
dropped  into  the  ash  pit.  Heavy  clinker  of  brown  color  fomied  in  a 
thin  layer  over  the  grate,  but  was  easily  removed.  The  ash  was  light 
in  weight  and  color.  The  fire  do<»8  ware  cracked  for  one  mittute  aftor 
each  firing.     Automatic  air  admission  was  not  operated. 

Test  No.  134;  No.  IS. — The  clinker  was  easily  removed  from  tlie 
grate.    Automatic  air  admission  was  not  operated. 

Test  No.  144/  ^^'  ^^  {washed). — ^The  coal  burned  frwrfy  and  the 
fire  was  easily  handled.  lisrge  pieces  of  free  ash  light  in  color  formed 
on  the  grate.  The  cUnker  was  porous  and  li^t  in  weight.  Automatic 
air  admission  was  operated. 

Test  No.  145;  No.  13  (wadied).—ThB  coal  burned  freely.    A  little 
porous  clinker,  light  iu  color,  and  free  ash  formed  on  tha 
Automatic  air  admission  was  operated. 
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Test  No.  12S;  No.  14- — ^The  coal  burned  freely.  Molten  refuse 
dropped  into  the  ash  pit.  Clinker  of  daa^^gray  color  formed  in  a  thin 
layer  on  the  grate  and  was  easily  removed.  Automatic  air  admission 
was  not  opiated. 

748^  No.  126;  No.  I4. — The  ooal  burned  ri^udly  and  caked.  Mol- 
ten refuse  dropped  into  the  ash  pit.  Heavy  dinker  of  a  brown  color 
formed  in  a  thin  layer  on  the  grate;  it  was  easily  removed.  The 
free  ash  was  of  a  light-gray  color.  The  fire  doors  were  cracked  after 
each  firing.    Automatic  air  admission  was  not  operated. 

Test  No.  ISO;  No.  I4  ( FcwAed).— The  coal  burned  freely.  The  free 
ash  was  of  a  light  color  and  light  in  weight.  A  thin  layer  of  brown 
clinks  formed  cm  the  grate;  it  was  easily  removed.  Steam  was  used 
in  the  ash  pit.  The  doors  were  cracked  for  one  minute  after  each 
firing.     Automatic  air  admission  was  not  operated. 

Test  No.  126;  No.  16. — The  coal  burned  rapidly  and  caked.  Large 
pieces  of  free  ash,  light  gray  in  color,  formed  on  the  grate.  The  fire 
was  easily  cleaned.  The  clinker  was  brown  and  heavy.  The  fire 
doors  were  cracked  for  one  minute  after  each  firing.  Automatic  air 
admission  was  not  operated. 

Test  No.  162;  No.  16  ( Washed). — Sulphur  occurred  in  the  coal  in 
thin  layers,  and  gypsum  and  calcite  were  present  in  thin  transparent 
flakes.  The  coal  burned  rapidly  and  caked.  The  clinker  was 
raxioved  with  difficulty.     Automatic  air  admission  was  operated. 

Test  No.  160;  No.  16. — Oypsiun  and  calcite  occurred  in  the  coal 
in  thin  opaque  layers.  Slate  of  a  daric-gray  color  was  pres^it  in 
small  quantities  detached  from  the  coal,  llie  coal  burned  riq>idly 
and  caked  somewhat.  A  porous  clinker,  light  in  wei^t,  and  of  a 
dark-gray  colcx*,  formed  on  the  grate;  it  was  easily  removed.  Auto- 
matic air  admission  was  operated. 

Test  No.  IJfi;  No.  18. — ^The  coal  burned  slowly.  The  clinker  fused 
to  the  grate  and  was  removed  with  difficulty.  Automatic  air  admis- 
sion was  operated. 

Test  No.  148;  No.  18. — The  coal  contained  sulphur  in  thick,  ramify- 
ing layers;  gypsum  and  calcite  occurred  in  thick  opaque  flakes; 
there  was  also  a  little  slate  o(  a  dark-gray  color.  The  coal  burned 
freely;  cracked  after  firing  and  crumbled.  Very  heavy  clinker  of 
dark-brown  color  f(Hrmed  a  thin  layer  over  the  grate;  it  was  easily 
removed.  Automatic  air  admission  was  operated.  Steam  was  used 
in  the  ash  pit. 

Test  No.  147;  No.  18  (washed). — ^The  coal  burned  freely  and  cracked 
in  the  fire.  Heavy  clinker  of  brown  color  formed  a  thin  soUd  layer 
over  the  grate;  it  was  removed  with  difficulty.  Automatic  air 
admission  was  operated. 
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Test  No.  149;  No,  18  (vxuihed). — ^The  coal  burned  freely  and  cracked 
after  firing.  Heavy  clinker  of  a  dark-brown  color  formed  a  thin  layer 
over  the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated.     Steam  was  used  in  the  ash  pit. 

Test  No.  160;  No.  19A. — ^Heavy  clinker  of  brown  color  formed  a 
thin  layer  over  the  grate;  it  was  easily  removed.  Automatic  air 
admission  was  operated. 

Test  No.  161;  No.  19A. — ^The  coal  burned  slowly  The  clinker  was 
heavy  and  brown  in  color;  it  was  easily  removed  from  the  grate. 
Automatic  air  admission  was  operated. 

Test  No.  163;  No.  19A. — ^The  coal  burned  with  a  short  flame,  and 
caked;  the  fuel  bed  required  much  attention.  The  clinker  was  light 
and  brittle;  it  was  easily  removed  from  the  grate.  Automatic  air 
admission  was  operated. 

Test  No.  170;  No.  19A. — ^The  coal  caked  in  the  fire.  A  thin  layer 
of  light  white  clinker  formed  on  the  grate;  it  was  easily  removed. 
Automatic  air  admission  was  operated. 

Test  No.  171;  No.  19A.— The  coal  caked  in  the  fire.  The  clinker 
was  light  in  weight  and  color;,  it  was  easily  removed  from  the  grate. 
Automatic  air  admission  was  operated. 

Test  No.  176;  No.  19B. — Gypsum  and  calcite  occurred  in  the  coal 
in  opaque  flakes.  A  small  quantity  of  slate  adhered  to  the  coal. 
The  coal  burned  freely  with  a  long  flame  and  cracked  in  the  fire. 
Large  pieces  of  light,  white,  free  ash  formed  on  the  grate;  it  was  easily 
removed.     Automatic  air  admission  was  operated. 

Test  No.  Z04;  No.  19B. — Gypsum  and  calcite  occurred  in  the  coal 
in  small  quantities  in  opaque  flakes.  A  small  quantity  of  slate 
adhered  to  the  coal,  with  an  occasional  free  piece.  The  coal  burned 
freely.  A  very  light,  porous  clinker,  light  in  color,  and  free  ash 
formed  on  the  grate.  The  fire  was  easily  handled.  Automatic  air 
admission  was  operated. 

Test  No.  205;  No.  19B. — ^The  coal  burned  freely.  A  light  porous 
clinker,  light  in  color,  and  free  ash  formed  on  the  grate.  The  fire 
was  easily  handled.     Automatic  air  admission  was  operated. 

Test  No.  ji£0;  No.  19C. — The  coal  contained  a  large  quantity  of 
free  slate.  Some  slate  adhered  to  the  coal.  Gypsum  occurred  in 
small  opaque  flakes.  The  coal  burned  quickly  and  freely  with  a 
medium  length  flame.  Automatic  air  admission  was  operated.  The 
fibre  doors  were  cracked  after  each  firing.  A  thick  porous  clinker 
formed  on  the  grate;  it  was  easily  broken  and  removed  from  the 
furnace. 

Test  No.  42S;  No.  19C. — Automatic  air  admission  was  used  in  the 
forenoon.     A  light-brown  clinker  formed  on  the  grate. 
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Test  No.  424;  No.  19D. — The  coal  contained  a  large  amount  of 
slate,  both  free  and  attached,  a  little  sulphur,  and  a  large  amount  of 
gypsum.  It  burned  freely  and  quickly,  with  a  long,  light  flame. 
Automatic  air  admission  was  operated.  The  fire  doors  were  cracked 
after  each  fibring.  The  test  was  run  for  economy.  A  large  quantity  of 
clinker  of  light-gray  color  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  4^;  No.  19D. — The  coal  burned  freely  and  quickly  with 
a  long,  bright  flame.  Automatic  air  admission  was  operated.  The 
fire  doors  were  cracked  after  each  firing.  A  thick  layer  of  brittle 
clinker  formed  on  the  grat«;  it  hindered  the  rate  of  combustion,  but 
was  easily  removed. 

Test  No.  4^1;  No.  19E. — The  coal  contained  a  considerable  quan- 
tity of  free  slate;  it  burned  quickly  with  a  long  flame,  and  caked. 
Automatic  air  admission  was  operated.  The  fire  doors  were  cracked 
after  each  firing.  A  layer  of  tough  clinker  and  free  ash  of  light-gray 
color  formed  on  the  grate. 

Test  No.  4^2;  No.  19E. — The  coal  burned  with  a  short  flame. 
Automatic  air  admission  was  operated.  Light-brown  clinker  formed 
on  the  grate;  it  was  easily  removed.  The  test  was  run  for  maximum 
capacity. 

Test  No.  292;  No.  20. — The  coal  contained  a  large  quantity  of  free 
slate,  and  also  a  small  quantity  of  sulphur  in  thin  layers.  It  burned 
with  a  long  yellow,  flame;  the  fuel  bed  required  considerable  atten- 
tion. A  dark-gray  clinker  formed  on  the  grate;  it  was  easily  re- 
moved.   Automatic  air  admission  was  operated. 

Test  No.  SOI;  No.  20  (vxuihed). — ^The  coal  burned  freely.  A  thin 
layer  of  porous  clinker  formed  over  the  grate;  it  was  easily  removed. 
Automatic  air  admission  was  not  operated. 

Test  No.  S02;  No.  20  (washed).— The  coal  burned  freely.  Auto- 
matic air  admission  was  not  operated.     The  fire  was  easily  handled. 

Test  No.  S15;  No.  21. — Some  pieces  of  coal  contained  large  quan- 
tities of  sulphur;  gypsum  and  calcite  were  rather  prevalent.  "Soap- 
stone"  was  present  in  lai^e  pieces;  also  slate  in  thick  layers.  The 
coal  burned  freely  with  a  long  flame.  A  thick  porous  clinker  formed 
on  the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  S16;  No.  21. — Free  slate  occurred  in  large  quantities. 
Calcite  and  gypsum  were  present  in  small  opaque  flakes.  The  coal 
burned  freely  with  a  long  flame,  and  cracked  in  the  fire.  Automatic 
air  admission  was  operated.  A  layer  of  solid  clinker  formed  on  the 
grate;  it  was  easily  removed. 

Test  No.  SI 8;  No.  21  {briquets). — ^The  briquets  burned  freely  with 
a  tendency  to  crumble;  they  were  broken  in  half  before  firing.     Dark 
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heavy  clinker  formed  on  the  grate;  it  was  easily  removed.  Auto- 
matic air  admission  was  not  operated. 

Test  No,  S24;  No,  22 A, — Layers  of  black  shiny  coal  alternated 
with  layers  of  a  duU-gray  substance.  The  coal  fractured  in  planes 
parallel  and  at  ri^t  ai^es  to  the  layers  and  was  of  medium  hardness. 
Sulphur  in  lai^e  balls  occurred  in  lai^  quantities,  as  thick  layers 
and  thin  vdns,  distributed  through  the  coal.  Slate  occurred  in  large 
quantities,  adhering  to  the  coal  in  both  thick  and  thin  layers.  Large 
quantities  of  gypsum  and  cakite  occurred  in  thin  white  jQakes.  The 
coal  burned  freely  and  quickly,  with  a  long  flame.  A  thick  layer  of 
porous,  heavy,  and  plastic  clinker  formed  on  the  grate;  it  was  easily 
removed.  Tho  fire  was  easily  handled.  Automatic  air  admission 
was  operated. 

Te^i  No.  S26;  No.  22A. — ^Thin  layers  of  bright  black  coal  alter- 
nated with  thin  layers  of  a  dull  gray  substance.  The  coal  fractured 
in  planes  parallel  and  at  right  angles  to  the  layers,  and  was  of  medium 
hardness.  Sulphur  occuired  in  large  quantities  in  large  balls,  thick 
layers  and  thin  veins  well  distributed  through  the  coal.  There  was 
much  slate  in  thick  layers  adhering  to  the  coal.  Oypsum  and  calcite 
occurred  in  large  quantities  in  thin  white  flakes.  The  coal  burned 
freely  and  quickly,  with  a  long,  yellow  flame.  Automatic  air  admis- 
sion was  operated.  A  thick  layer  of  heavy,  porous  clinker  of  dark- 
brown  color  formed  on  the  grate;  it  was  easily  removed.  The  rated 
capacity  of  the  boiler  was  rather  difficult  to  obtain  with  this  coal. 

Test  No,  828;  No.  22 A  (washed)  .—The  coal  burned  freely  with  a  long 
flame.  Steam  was  used  in  the  ash  pit  after  cleaning  the  fire.  Auto- 
matic air  adnaission  was  operated.  A  very  light  and  porous  clinker 
formed  over  the  grate;  it  was  easily  removed.  This  test  was  run  for 
maximum  capacity. 

Test  No.  306;  No.  2SA.— The  coal  burned  freely  with  a  long  flame. 
The  clinks  was  soft  and  porous.  Steam  was  used  in  the  ash  pit. 
Automatic  air  admission  was  operated.    The  fire  was  easily  handled. 

Test  No.  317;  No.  23 A  (wcwA^d).— Thin  layers  of  slate  and  very 
thin  layers  of  sulphur  were  found  in  pieces  of  the  coal.  Thin  layers 
of  black  shiny  coal  alternated  with  a  dull  bro^i^m  substance.  The 
coal  was  rather  soft  but  not  brittle ;  it  burned  freely  with  a  long  flame. 
A  layer  of  heavy,  solid,  plastic  clinker  formed  on  the  grate,  and  was 
broken  with  difficulty.    Automatic  air  admission  was  operated. 

Test  No.  321;  No.  23B  (ftngptiete).— The  briquets  burned  freely  and 
quickly  with  a  long  white  flame,  and  did  not  crumble;  they  were 
broken  in  halves  before  firing.  Automatic  air  admission  was  oper- 
ated. The  furnace  doors  were  cracked  after  each  firing.  The  test 
was  too  short  for  reliable  results. 
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Tegt  No.  Sit;  No.  tSB  (JMquets)  .—The  briquets  burned  quickly 
with  a  long  flame;  t^ey  were  broken  in  halves  before  firing,  llie  test 
was  too  short  for  reliable  results.  The  fumaee  doors  were  cracked 
after  each  firing.  Automatic  air  adn^ssion  was  not  operated.  A 
thick  layer  of  porous  cfinker  formed  on  the  grate;  it  was  easily 
remored. 

Test  No.  SSS;  No.  t4S. — Sidphur  occurred  in  large  balls  and  in 
thick  layers  adhering  to  the  coal.  Slate  was  present  in  small  quan- 
tities in  thin  and  thick  layers  easily  separated  from  the  coal.  Gyp- 
sum and  calcite  occurred  in  small  quantities  in  thin  flakes.  The  coal 
fractured  at  right  angles  and  in  planes  parallel  to  the  layers,  and  was 
of  medium  hardness.  Thin  layers  of  black  shiny  coal  alternated 
with  layers  of  a  dark  gray  substance.  The  coal  burned  freely  and 
with  a  long  flame.  Automatic  air  admission  was  operated.  Steam 
was  used  in  the  ash  pit.  A  thick  layer  of  solid,  heavy  clinker  formed 
on  the  grate;  it  was  easily  removed. 

Test  No.  S86;  No.  HB. — ^The  coal  burned  quickly  with  a  long,  yel- 
low flame,  and  caked.  Automatic  air  admission  was  operated.  A 
layer  of  solid,  heavy  clinker,  dark  brown  in  color,  formed  on  the 
grate;  it  was  easily  removed. 

Test  No.  SS7;  No.  SJIfi. — ^The  coal  burned  freely  and  quickly  and 
with  a  long  flame.  Automatic  air  admission  was  operated.  A  thick 
layer  of  solid,  heavy  clinker,  dark  brown  in  color,  formed  on  the 
grate;  it  was  easily  removed.  The  test  was  too  short  for  reliable 
results. 

Test  No.  SSS;  Nos.  £6 A  and  SSB. — ^A  large  quantity  of  sulphur  was 
present  in  thick  layers.  Large  pieces  of  free  slate  were  somewhat 
prevalent.  Gypsum  and  calcite  were  present  to  a  considerable 
extent.  The  coal  burned  freely,  with  a  long  flame.  Automatic  air 
admission  was  operated.  A  light  and  porous  clinker,  dark  brown 
in  color,  formed  on  the  grate;  it  was  easily  removed.  The  test  was 
run  for  maximum  capacity. 

Test  No.  SS9;  Nos.  95 A  and  B-^B. — ^The  coal  burned  freely,  with  a 
long  flame.  Automatic  air  admission  was  operated.  A  very  fragile 
but  solid  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  S4I;  No.  i6. — ^A  small  quantity  of  sulphur  was  present  in 
the  coal,  as  baDs  and  flakes;  small  quantities  of  slate,  gypsum,  and 
calcite  Were  also  present.  The  coal  burned  freely,  with  a  long  flame. 
The  clinker  was  hard  and  heavy,  impeding  the  air  supply;  it  was 
removed  with  difficulty.  Automatic  air  admission  was  not  oper- 
ated. 

TettNo.  SJfi;  No.  26. — ^The  coal  burned  with  a  long  flame.  Heavy 
clinkers  formed  a  compact  layer  on  the  grate.     Steam  was  used  in 
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the  ash  pit.  Automatic  air  admission  was  not  operated.  It  was 
necessary  to  wet  the  ash  and  refuse  in  the  ash  pit  so  as  to  prevent 
the  clinker  from  fusing  on  the  grate. 

Test  No.  SBS;  No.  87. — Layers  of  a  bright  black  substance  alter- 
nated with  layers  of  dull  coal;  it  fractured  at  right  angles  and  parallel 
to  the  layers,  and  was  rather  hard.  Sulphur  occurred  as  iron  pyrites 
in  flakes  and  balls.  A  small  quantity  of  slate  was  present  in  thick 
layers.  Gypsum  and  calcite  were  present  in  thin  flakes.  Some  finely 
divided  clay  was  present.  The  coal  burned  with  a  long  flame. 
Steam  was  used  in  the  ash  pit.  A  thick  layer  of  soUd,  heavy  clinker 
formed  on  the  grate;  it  was  easily  broken  and  removed.  Automatic 
air  admission  was  not  operated. 

Test  No.  S54;  No.  ^. — ^The  coal  burned  freely.  The  clinker  was 
heavy  and  of  an  iron-red  color;  it  was  a  serious  impediment  to  the 
air  supply,  but  was  easily  removed  from  the  furnace.  Two  vanes  of 
the  automatic  air  admission  were  operated  continuously. 

Test  No.  469;  No.  28 A  {washed  briquets). — ^The  briquets  biumed 
with  a  short  flame.  A  part  of  the  large  briquets  were  broken  before 
firing.  Automatic  air  admission  was  not  operated.  When  the  lai^e 
briquets  were  burned,  heavy  clinker  formed  on  the  grate,  impeding  the 
air  supply.  The  small  briquets  gave  better  results.  The  coal  was 
washed  at  the  mine. 

Test  No.  4^7;  No.  28B  Qyriquets). — ^The  large  briquets  were  fired 
both  whole  and  broken  in  halves;  they  burned  quickly.  The  small 
briquets  were  badly  broken  up.  A  thick,  soUd  clinker  formed  on  the 
grate,  but  was  easily  removed.  The  grate  was  in  poor  condition, 
and  the  fire  was  sUced  with  difficulty. 

Test  No.  448;  No.  28C.— The  coal  burned  freely  and  rapidly. 
Automatic  air  admission  was  operated.  A  large  amount  of  clinker 
formed  on  the  grate;  it  was  easily  removed. 

Test  No.  4^2;  No.  28C. — ^The  coal  burned  freely,  with  a  long  flame. 
Two  .vanes  of  the  automatic  air  admission  were  operated.  The 
middle  furnace  door  was  cracked  after  each  firing.  Clinker  and  ash 
formed  on  the  grate;  they  were  easily  removed. 

Test  No.  465;  No.  29 A  {wa4hed  briquets). — ^The  briquets  burned 
with  a  medium  length  flame.  Steam  was  used  in  the  ash  pit  during 
the  last  half  of  the  test.  Automatic  air  admission  was  not  operated. 
A  thin,  black,  plastic  clinker  adhered  to  the  side  walls  at  the  first 
cleaning;  at  the  second  cleaning  the  clinker  was  brittle  and  easily 
removed  from  the  furnace,  owing  to  use  of  steam  in  the  ash  pit. 

Test  No.  4^0;  No.  29B. — ^The  coal  contained  a  small  amount  of 
gypsum,  iron  pyrites,  and  slate;  it  burned  quickly,  with  a  medium 
length  flame.  Automatic  air  admission  was  operated.  A  gray  cUnker 
formed  on  the  grate;  it  was  easily  removed. 
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Test  No.  461;  No.  29B, — ^The  coal  burned  quickly,  with  a  medium 
lex^  flJe.  Automatic  ab  admission  was  o^ted.  A  gray 
dinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  466;  No.  29B  (6njM€te).— The  briquets  burned  with  a 
medium  length  flame.  Steam  was  used  in  the  ash  pit.  Automatic 
air  admission  was  not  operated.  A  black  porous  clinker  fused  to 
the  side  walls;  it  was  easily  broken  and  removed. 

Test  No.  611;  No.  SO  (washed  bri^piets). — Automatic  air  admission 
was  not  operated.  The  fuel  bed  required  much  attention.  The 
clinker  was  easily  removed. 

Test  No.  489;  No.  SI  (hnquets) . — ^The  briquets  burned  with  a  long 
flame.  Automatic  air  admission  was  not  operated.  A  brittle  por- 
ous clinker  of  dark  gray  color  formed  on  the  grate;  it  was  easily 
removed. 

Test  No.  491;  No.  SI  (briquets). — ^Automatic  air  admission  was  not 
operated.  A  large  amount  of  clinker  formed  on  the  grate;  it  was 
easily  removed. 

Test  No.  6 IS;  No.  SS  (briquets).— The  coal  burned  with  a  short 
flame.  Automatic  air  admission  was  not  operated.  The  fuel  bed 
required  much  attention.  A  large  quantity  of  clinker  formed  on  the 
grate;  it  was  easily  removed. 

Test  No.  609;  No.  S4B. — Steam  was  used  in  the  ash  pit.  The 
furnace  doors  were  cracked  after  each  firing.  Automatic  air  admis- 
sion was  not  operated.  Coal  caked  on  account  of  the  clinker  impeding 
the  air  supply.    The  fire  was  easily  handled. 

DmZAKA. 

Test  No.  16S;  No.  S. — Sulphur  occurred  in  the  coal  in  large  balls 
and  in  thick  layers.  Slate  occurred  in  large  pieces  and  in  lai^e 
quantity,  separated  from  the  coal.  The  coal  burned  with  a  long 
flame.  The  clinker^  dark  in  color  and  heavy,  was  easily  removed 
from  the  grate.    Automatic  air  admisdon  was  operated. 

Test  No.  151;  No.  4- — Gypsum  and  calcite  occurred  in  the  coal  in 
thin  opaque  flakes;  a  large  quantity  of  free  slate  was  present.  Coal 
burned  slowly  and  did  not  break  up  in  the  fire.  The  clinker  was 
light  in  weight  and  porous.  Large  pieces  of  free  ash  formed  on  the 
grate.  The  fire  was  easily  cleaned.  Automatic  air  admission  was 
operated. 

Test  No.  166;  No.  4- — Gypsmn  and  calcite  occurred  in  the  coal  in 
thin,  opaque  flakes;  a  large  quantity  of  free  slate  was  present.  A 
small  quantity  of  clay  was  visible.  The  coal  caked  in  the  fire. 
Idghty  porous  clinker  formed  on  the  grate;  it  was  easily  removed. 
Automatic  air  admission  was  operated. 
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Test  No.  166;  No.  4- — ^A  l^iick,  bHstery,  dark  brown  and  heavy 
clinker  formed  over  the  grale;  it  was  ea^ly  remoyed.  Antomatic 
air  admission  was  operated. 

Test  No.  164;  No.  4  (washed). — Gypsum  and  ealcite  occurred  in 
the  coal  in  very  small  qnantities  in  thin,  opaque  flakes.  The  coal 
burned  rapidly  and  caked.  The  fire  was  easily  cleaned.  Automatic 
air  admission  was  operated. 

Test  No.  IBS;  No.  6. — Sulphur  occurpsd  in  the  coal  in  htge  balls; 
gypsum  and  ealcite  occurred  in  small  quantities  in  thin,  transparent 
flakes.  A  small  amount'of  free  slate  was  present.  The  coal  burned 
rapidly  and  caked.  The  fuel  bed  feqinred  much  attention.  The 
clinker  was  dark  in  color  and  very  heavy;  it  was  easily  removed  flrom 
the  grate.  Molten  refuse  dropped  into  the  ash  pit.  Automatic  air 
admission  was  operated. 

Te^  No.  136;  No.  6. — Sulphur  occurfed  in  the  coal  in  large  balls 
and  thick  layers;  gypsum  and  ealcite  occurred  in  thin,  smaD,  trans- 
parent flakes,  and  a  small  quantity  of  free  slate  was  present.  The 
coal  burned  slowly  and  caked.  The  fuel  bed  required  much  atten- 
tion. The  clinker  was  brown  in  color  and  heavy;  it  was  easily 
lemoved.    Automatic  adr  admission  was  operated. 

Test  No.  156;  No.  6. — Sulphur  occurred  in  the  coal  in  large  balls 
and  thick  layers;  gypsum  and  ealcite  occurred  in  thin,  small,  trans- 
parent flakes.  A  small  qucmtity  of  free  slate  was  present.  The  coal 
burned  slowly  and  caked.  The  chnker  was  dark  brown  in  color  and 
heavy;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  167;  No.  6. — Sulphur  occurred  in  thick  layers;  gypsum 
and  ealcite  occurred  in  thin,  transparent  flakes;  a  few  thick  layers  of 
bone  coal  were  present.  A  small  quantity  of  free  slate  was  visible. 
The  coal  burned  slowly  and  caked.  The  clinker  was  dark  brown  in 
color;  it  was  heavy  but  easily  removed  from  the  grate.  Automatic 
air  admission  was  operated. 

Test  No.  169;  No.  6  (vxished^. — ^The  coal  burned  very  rapidly  and 
caked  in  the  fire.  The  clinker  was  of  a  brown  color;  it  was  easily 
removed  from  the  grate.     Automatic  air  admission  was  operated. 

Test  No.  168;  No.  7A. — Sulphur  occurred  in  the  coal  in  thick 
layers;  gypsum  and  ealcite  were  present  in  thick,  transparent  flakes. 
A  small  quantity  of  free  slate  was  visible.  The  coal  burned  rapidly 
and  caked  in  the  fire.  The  clinker  was  fight  in  weight,  porous,  and 
of  a  dark-gray  color;  no  difficulty  was  experienced  in  removing  it 
from  the  grate.     Automatic  air  admission  was  operated. 

Test  No.  288;  No.  7 A  (briquets). — The  briquets  burned  freely  and 
did  not  crumble  in  the  fire;  they  were  broken  in  halves  before  firing. 
Automatic  air  admission  was  operated.  A  soUd,  heavy  clinker 
formed  on  the  grate.     In  the  first  cleaning  it  was  removed  with  difli- 
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eolty;  in  the  second  cleaiusg  it  could  not  be  removed.  A  light 
vapor  was  visible  at  the  top  of  the  stack  diiring  the  entire  test. 

Test  No.  164;  ^O'  7B. — The  coal  burned  with  a  long,  yellow  flame, 
and  eaked  in  the  &e.  The  fuel  bed  required  much  attention.  The 
clinker  was  of  darknred  color  and  heavy;  it  was  fused  to  the  grate 
and  was  removed  with  difficulty.  Automatic  air  admission  was 
operated  after  the  first  hour. 

Tesi  No.  176;  No.  7B. — Oypsum  and  caleite  occurred  in  the  coal 
in  thin,  opaque  flakes;  very  little  sulphur  was  discernible.  The  coal 
burned  freely  when  screenings  of  the  largest  size  were  fired ;  it  burned 
with  a  long  flaaie.  A  very  thin  layer  of  heavy  dark  clinker  clung 
tightly  to  the  grate.    Automatic  air  admission  was  operated. 

Test  No.  182;  No.  8. — Sulphur  occurred  in  the  coal  in  a  small 
quantity  ia  thin  lay««;  gypaam  and  caJcite  waie  present  in  a  small 
quantity  in  thick,  transparent  flakes.  Slate  occurred  in  a  small 
quantity  in  thin  layers,  adhering  to  the  coal.  The  coal  burned  with 
a  long,  yellow  flame.  A  Ught,  porous  clinker  of  dark  color  formed 
on  the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

TeU  No.  18S;  No^  8. — Suli^rar  was  somewhat  prevalent  in  the 
coal  both  in  flakes  and  balls;  gypsum  and  caleite  were  present  in 
small  quantity  in  opaque  flakes.  All  lump  coal  contained  much  shale. 
The  coal  burned  with  a  long,  y^ow  flame,  and  caked.  Clinker  of 
medium  weight  and  a  dark-red  color  formed  on  the  grate  in  a  poreus 
layer;  it  was  easily  removed.    Automatic  air  admission  was  operated. 

Test  No.  186;  No.  8. — light  clinker  of  a  dark-gray  color  formed  on 
the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  184;  N^'  8  {washed). — The  coal  burned  freely.  li^t 
poreus  clinker  and  free  ash  of  a  dark-gray  color  formed  on  the  grate; 
the  clinker  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  168;  Na.  9A. — ^Much^sulj^r  occurred  in  the  coal  in  laige 
balls  and  thick  layere.  Gypsum  and  caldte  were  present  in  small 
quantity  in  thin,  transparent  flakes.  A  small  quantity  of  free  slate 
was  visible.  The  coal  burned  rapidly  and  caked  in  the  fire.  light 
porous  dinker  and  free  ash  formed  on  the  grate.  The  fire  was  easily 
handled.    Automatic  air  admission  was  operated. 

Test  No.  169;  No.  9 A. — The  coal  burned  with  a  long,  yellow  flame. 
The  clinkar  was  of  purple  blue  color  and  heavy;  it  contained  much 
slate  and  was  easily  removed  from  the  grate.  The  free  ash  was  of  a 
dark-gray  color.    Automatic  air  admission  was  operated. 

Test  No.  174;  No.  9B. — ^The  coal  burned  with  a  long  yellow  flame, 
and  caked.  A  light  porous  clinker  of  dark-brown  color  formed  on  the 
grate;  it  was  easily  removed.     Automatic  air  admission  was  operated. 
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Test  No.  SS4;  Nos.  9 A  and  9B  (ftriju^te).— The  briquets  burned 
freely  and  quickly,  with  a  long  flame,  and  did  not  crumble;  they  were 
broken  in  halves  before  firing.  Automatic  air  admission  was  oper- 
ated. A  thick  layer  of  porous  and  plastic  clinker  formed  on  the 
grate;  it  was  easily  removed.  The  test  was  too  short  for  reliable 
results. 

Test  No,  167;  No,  10. — Sulphur  occurred  in  the  coal  in  small  quan- 
tity, in  thick  layers;  gypsum  and  calcite  occurred  in  thin,  somewhat 
transparent  flakes.  A  small  quantity  of  slate  adhered  to  the  coal. 
The  coal  burned  rapidly  and  caked.  The  clinker  was  easily  removed 
from  the  grate.    Automatic  air  admission  was  operated. 

Test  No.  177;  No.  10  {washed). — Sulphur  occurred  in  thin  yellow 
layers  at  right  angles  to  the  coal  stratum;  gypsum  and  calcite  were 
present  in  thin  white  flakes.  Considerable  clay  was  spread  in  thin 
layers  over  all  the  surfaces  of  the  coal.  A  large  quantity  of  shale  was 
visible.  The  coal  burned  freely.  A  thin  layer  of  heavy  clinker  of 
dark-red  color  formed  over  the  grate;  it  was  easily  removed.  Auto- 
matic air  admission  was  operated. 

Test  No.  2SS;  No.  11. — The  coal  contained  a  small  quantity  of 
flake  sulphur.  A  large  quantity  of  both  free  and  attached  slate  was 
present.  The  coal  burned  freely,  with  a  long  flame.  The  volatile 
matter  distilled  very  rapidly.  A  light  porous  clinker  of  dark-red  color 
formed  on  the  grate ;  it  was  easily  removed.  The  free  ash  was  light 
in  weight  and  color.    Automatic  air  admission  was  operated. 

Test  No.  2S4;  No.  11. — ^Layers  of  bright  coal  alternated  with  a  dull 
gray  substance ;  it  fractured  irregularly.  The  coal  burned  freely  and 
with  a  long  yellow  flame.  A  layer  of  light  porous  clinker  of  a  gray 
color  was  formed  on  the  grate;  it  was  easily  removed.  Automatic 
air  admission  was  operated. 

Test  No.  235;  No.  11. — ^The  coal  burned  with  a  long  flame;  the  fine 
coal  caked  in  the  fire.  The  volatile  matter  distilled  slowly.  Free  ash^ 
light  in  weight  and  color,  and  a  thin,  porous  layer  of  clinker  of  dark- 
brown  color,  formed  over  the  grate ;  it  was  easily  removed  owing  to 
the  presence  of  slate.     Automatic  air  admission  was  operated. 

Test  No.  299;  No.  12. — ^The  coal  contained  a  large  quantity  of  sul- 
phur, present  in  balls.  Considerable  black  slate  was  visible.  Hard- 
ened white  clay  was  spread  over  the  coal.  The  coal  burned  very 
quickly,  with  a  long  flame,  and  caked.  A  veiy  fragile  and  porous 
clinker  formed  on  the  grate ;  it  was  easily  removed.  Automatic  air 
admission  was  not  operated.  The  furnace  doors  were  cracked  after 
each  firing  for  about  one  and  one-half  minutes.  The  combustion  wall 
was  down  during  this  test. 

Test  No.  SOO;  No.  12. — Sulphur  occurred  in  the  coal  in  thick  layers 
and  large  balls.    The  coal  burned  freely,  with  a  long  yellow  flame.    A 
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thick  porous  clinker  formed  on  the  grate;  it  was  easily  removed. 
Automatic  air  admission  was  not  operated. 

Test  No.  SIO;  No.  12  {washed). — ^The  coal  burned  freely,  with  a 
kmg  yellow  flame.  Automatic  air  admission  was  operated.  A  light 
porous  clinker  and  free  ash  formed  on  the  grate.  Flue  gas  tempera- 
ture readings  were  about  150^  too  low. 

Test  No.  4S2;  No.  IS. — ^The  coal  cracked  in  the  fire  and  burned 
freely  with  a  bright  yellow  flame.  Automatic  air  admission  was  oper- 
ated. The  fire  was  easily  handled.  Heavy  clinker  formed  on  the 
grate;  it  was  easily  removed.  Intense  combustion  occurred  during 
the  firing  intervals.    The  test  was  run  to  obtain  high  capacity. 

Test  No.  4SS;  No.  IS. — ^Automatic  air  admission  was  operated. 
The   test  was  too  short  for  reliable  results. 

Test  No.  4SO;  No.  I4. — ^The  coal  was  easily  broken.  Many  layers 
of  slate  and  iron  occurred  in  the  pieces  of  coal.  Large  amounts  of 
sulphur  and  gypsum  Were  present.  The  coal  burned  slowly  on  account 
of  the  large  amount  of  clinker.  Steam  was  used  in  the  ash  pit  during 
the  last  ha]f  of  the  day.  Molten  refuse  dropped  into  the  ash  pit. 
A  tough,  porous  and  heavy  clinker  of  bluish-gray  color  adhered 
tightly  to  the  grate  and  was  removed  with  difficulty. 

Test  No.  4S1;  No.  H. — A  steam  blower  was  used  in  the  ash  pit 
successfully  to  prevent  clinker  sticking  to  the  grate.  Automatic  air 
admission  was  operated.  A  dark,  heavy,  solid  clinker  formed  on  the 
grate;  it  was  easily  removed. 

Test  No.  4£8;  No.  15. — ^The  coal  burned  freely  and  rapidly.  Auto- 
matic air  admission  was  operated.  A  large  amount  of  loose,  brittle 
clinker  of  light-gray  color  formed  on  the  grate;  it  was  easily  removed. 
The  test  was  run  to  obtain  high  capacity. 

Test  No.  4^9;  No.  15. — Automatic  air  admission  was  operated. 
The  fire  was  easily  handled.     Test  was  run  to  obtain  high  capacity. 

Test  No.  4^6]  No.  16. — ^Automatic  air  admission  was  operated. 
Fire  was  easily  handled. 

Test  No.  427;  No.  16. — ^The  test  was  run  to  obtain  high  capacity, 
but  large  amounts  of  fine  coal  prevented  success.  The  fire  was  easily 
handled.     Automatic  air  admission  was  operated. 

Test  No.  441  ]  No.  17. — ^Automatic  air  admission  waa  operated.  A 
solid  clinker  formed  on  the  grate  impeding  the  air  supply;  it  was  easily 
removed. 

Test  No.  4^'>  ^0.  17. — A  solid  clinker  adhered  to  the  grate,  imped- 
ing the  air  supply;  it  was  removed  with  some  difficulty.  Automatic 
air  admission  was  operated.  The  combustion  chamber  temperature 
was  higher  at  the  close  of  the  test  than  at  the  start. 

Test  No.  4S5;  No.  ISB. — In  fracture  the  coal  resembled  pitch.  A 
small  amoimt  of  gypsum  was  present;  iron  pyrites  were  very  preva- 


164  STEAMING  TB8T8  OF  GOALS. 

lent.  The  coal  burned  rapidly^  with  a  loi^  yellow  flame,  and  caked. 
Automatic  air  admission  was  (^>erated.  Wh«i  the  coal  was  fired,  the 
fine  coal  flashed  like  powder.  A  light  and  porous  clinker  of  brownish 
color  formed  on  the  ff»te;  it  was  broken  up  with  difficulty,  but  easily 
remored. 

Test  No.  4S6;  No.  18B. — ^The  coal  burned  quickly,  with  a  long  yel- 
low flame,  and  caked.  Whoa  thrown  in  the  furnace,  the  fine  ooal 
flashed  into  flame.  A  layer  of  very  porous  and  plastic  dinkn'  l<Hined 
on  the  grate  and  adhered  to  the  side  walls;  it  was  broken  up  with 
difficulty. 

Test  No.  464;  No.  19  (ftri^tfet^).— The  briquets  bumed  with  a  shcurt 
flame.  Automatic  air  admission  was  not  operated,  llie  clinker  was 
easily  removed. 

nnilAH  TXBBITOBT. 

Test  No.  417;  No.  ZB.—The  coal  bumed  freely.  The  fire  doors 
werd  cracked  after  each  firing.  Automatic  air  admission  was  oper- 
ated. A  heavy,  porous  clinker  formed  on  the  grate;  it  was  easily 
removed. 

Test  No.  418;  No.  £B. — ^The  coal  bumed  freely  with  a  long  flame 
and  the  volatile  matter  was  distilled  off  quickly.  The  clinker  did 
not  impede  the  air  supply.  The  test  was  made  to  obtain  high  capac- 
ity.   Moisture  in  the  steam  was  estimated. 

Ttst  No,  4^5;  No.  2B  (briquets). — ^The  fuel  bed  required  consider- 
able attention.  The  large  briquets  bumed  slowly  and  the  small  bri- 
quets quickly.  A  thin,  tough,  solid  clinker  of  purple  color  adhered 
to  the  grate,  impeding  the  air  supply;  it  was  lemoved  with  difficulty. 
Water  was  used  in  the  ash  pit.  Automatic  air  admission  was  oper- 
ated during  part  of  the  test. 

Test  No.  4^3;  No.  2B  (briquets). — ^Both  natural  and  forced  draft 
were  used.  The  briquets  binned  quickly  vnih  medium  length  flame. 
Molten  refuse  dropped  into  the  ash  pit.  Automatic  air  admission 
was  operated  for  two  hours.  In  the  first  cleaning  a  thin,  solid  clinker 
of  dark-gray  color  stuck  to  the  grate;  it  was  removed  with  difficulty. 
After  cleaning;  200  pounds  of  limestone  was  spread  over  the  grate. 
The  second  cleaning  was  as  difficult  as  ihe  first. 

Test  No.  456;  No.  2B  (washed  briquets). — ^The  briquets  were  fired 
whole  part  of  the  time  and  part  of  the  time  broken  in  halves.  They 
bumed  quickly,  the  unbroken  briquets  giving  tiie  better  results. 
Water  was  used  in  the  ash  pit.  A  thin,  tough,  solid  clinker  of  purple 
color  adhered  to  the  grate,  impeding  the  air  supply;  it  was  removed 
with  difficulty. 

Test  No.  437;  No.  8  (washed  briquets). — The  briquets  bumed  rapidly 
with  a  short  flame  and  did  not  cmmble  in  the  fire.  Automatic  air 
admission  was  operated.    Molten  refuse  dropped  into  the  ash  pit. 
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A  thin  layer  of  very  heavy  dioker  of  grayish  color  adhered  to  the 
grate  and  was  ramoFed  with  diflSculty.  Part  of  the  combufition 
wall  fell  during  this  test« 

Tesi  No.  44^J  No.  9. — ^The  coal  buroad  with  a  short  flame.  Auto- 
matic air  admission  was  not  operated.  Tim  clinker  adhered  to  the 
giate.  In  the  first  cleaning  loose  elinker  was  forsfted  on  the  grate; 
it  wss  easUj  remoyed.  In  the  second  cleaning  %ht  clinker  adhered 
to  the  grate  and  was  removed  with  difficulty. 

Test  No.  450;  No.  9  (hriguets). — The  briquets  burned  with  a  short 
flame.  Automatic  air  admissicm  was  not  operated.  One  hundred 
uul  nineteen  pounds  of  limestone  was  spread  over  the  grate  at  the 
end  of  the  first  cleaning.  In  the  ficst  cleaning  the  dinka:  was  easily 
removed  from  the  grate,  but  adhered  a  litde  to  the  side  wall.  In  the 
second  cleanipg,  a  light  tough  clinker  adhered  to  the  grate  and  was 
raoooved  with  dijBSculty. 

/amsTowv. « 

Test  No.  601;  No.  1. — The  coal  had  a  dull  coIot  resembling  slate 
and  was  broken  with  difficulty.  It  contained  laige  quantities  of  cal- 
cite  and  gypsum  and  a  small  amount  of  slate  and  dirt.  The  coal 
burned  with  a  medium  length  flame  and  caked.  A  porous  clinker 
formed  on  the  dead  plate  and  adhered  to  the  bridge  wall. 

Test  No.  602;  No.  1. — The  coal  had  a  dull  color  resembling  slate, 
and  it  was  broken  with  difficulty.  It  contemned  large  quantities  of 
calcite  and  gypsum  and  a  small  amount  of  slate  and  dirt.  The  coal 
burned  with  a  medium  length  flame  and  caked.  A  small  porous 
clinker  formed  on  the  dead  plate  and  adhered  to  the  bridge  wall. 

Test  No.  60S;  No.  5. — ^The  coal  appeared  very  black  and  had  a 
luster  similar  to  anthracite.  It  was  very  friable  and  contained  small 
amounts  of  dirt^  dust,  sulphur,  calcite,  and  gypsum.  A  large  amount 
of  slate  was  visible.  The  coal  burned  with  a  short  flame.  A  hard, 
porous  clinker  formed  on  the  dead  plate. 

Test  No.  604;  No.  S. — The  coal  burned  with  a  short  flame.  A  hard, 
porous  clinker  formed  on  the  dead  plate. 

Test  No.  605;  No.  S. — The  coal  burned  rapidly  with  a  short  flame. 
A  very  porous  clinker  of  reddish-brown  color  formed  on  the  dead 
plate.    The  load  was  very  variable  on  the  test. 

Test  No.  606;  No.  S, — The  fuel  bed*tequired  considerable  attention. 
During  part  of  the  test  the  furnace  doors  were  cracked  after  firing. 

Test  No.  607;  No.  S. — The  coal  burned  with  a  short  flame  and 
caked.  The  fuel  bed  required  considerable  attention.  The  volatile 
matter  distilled  off  quickly.  A  brittle  clinker  of  reddish-brown  color 
formed  on  the  grate  and  adhered  to  the  side  walls.  Aut(Hnatic  air 
admission  was  operated  continuously.  The  moisture  in  the  steam 
was  estimated. 

a  Coals  from  Virginia  and  West  Virginia. 
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Test  No.  608;  No,  4* — ^The  coal  was  very  black ;  fresh  surfaces  had  a 
luster  resembling  anthracite.  The  coal  was  broken  with  difficulty. 
It  contained  a  small  amount  of  slate^  sulphur,  gypsum,  and  calcite; 
also  some  bone  coal.  It  burned  slowly  with  a  medium  length  flame 
and  caked.  The  fuel  bed  required  considerable  attention.  A  layer 
of  heavy,  compact  clinker  of  reddish-brown  color  adhered  to  the 
grate;  it  was  removed  with  much  difficulty.  Automatic  air  admis- 
sion was  partly  open  continuously.  The  moisture  in  the  steam  was 
estimated. 

Test  No.  609;  No.  4- — The  test  was  too  short  for  reliable  results. 
The  coal  burned  rapidly  with  a  short  flame  and  caked.  Two  hun- 
dred and  three  pounds  of  limestone  was  spread  over  the  grate  at  the 
start  of  the  test.  The  fuel  bed  required  considerable  attention.  A 
reddish  compact  clinker,  easily  broken  and  removed,  formed  over  the 
grate.  Automatic  air  admission  was  not  operated.  No  flue-gas 
analysis  was  made  on  this  test.  The  figure  given  for  the  weight  of 
the  ash  and  refuse  includes  the  remains  of  the  limestone. 

Test  No.  610;  No.  4- — The  coal  burned  rapidly  with  a  short  flame 
and  caked.  The  fuel  bed  required  considerable  attention.  A  very 
compact  clinker  of  reddish  color  formed  on  the  grate  and  was  broken 
up  with  some  difficulty.  It  did  not  adhere  to  the  grate,  owing  to  the 
presence  of  water  in  the  ash  pit.  Automatic  air  admission  was  not 
operated.  One  thousand  three  hundred  and  eighty  pounds  of  water 
were  used  in  the  ash  pit  to  cool  the  grate.  This  water  was  not  con- 
sidered in  figuring  the  heat  balance.  A  calculation  shows  that  the 
water  caused  a  heat  loss  of  1.19  per  cent  based  on  the  combustible. 

Test  No.  611;  No.  4- — ^The  coal  burned  with  a  medium  length  flame 
ajid  caked.  The  moisture  in  the  steam  was  determined  by  averaging 
the  readings  of  the  throttling  and  the  separating  calorimeter. 

Test  No.  612;  No.  4- — The  coal  burned  with  a  medium  length  flame 
and  caked.  Th'e  moisture  in  the  steam  was  determined  by  averaging 
the  readings  of  the  throttling  and  the  separating  calorimeter. 

Test  No.  613;  No.  4- — The  fire  was  heavier  at  the  close  of  the  t-est 
than  at  the  start.  The  coal  burned  with  a  medium  length  flame 
and  caked.  The  moisture  in  the  steam  was  determined  by  averaging 
the  readings  of  the  throttling  and  the  separating  calorimeter. 

Test  No.  614;  No.  4- — ^The.coal  burned  with  a  mediiun  length 
flame,  and  caked.  The  moisture  in  the  steam  was  determined  by 
averaging  the  readings  of  the  throttling  and  the  separating  calorimeter. 

Test  No.  615;  No.  4- — The  coal  burned  with  a  medium  length 
flame,  and  caked.  The  moisture  in  the  steam  was  determined  by 
averaging  the  readings  of  the  throttling  and  the  separating  calorimeter. 

Test  No.  616;  No.  4- — A  hard^  loose,  brittle  clinker  formed  on  the 
dead  plate. 
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Test  No.  617;  No.  4* — ^The  moisture  in  the  steam  was  detenuined 
by  aTeraging  the  readings  of  the  throttling  and  the  separating  calo- 
rimeter. The  loss  up  the  stack  was  determined  by  using  the  analy- 
sis of  gas  from  the  combustion  chamber. 

Test  No.  618;  No.  4- — The  moisture  in  the  steam  was  determined  by 
averaging  the  readings  of  the  throttling  and  the  separating  calorimeter. 

Test  No.  619;  No.  4- — The  moisture  in  the  steam  was  determined  by 
averaging  the  readings  of  the  throttling  and  the  separating  calorimeter. 

Test  No.  627;  No.  6. — The  ash  and  clinker  were  light  in  weight 
and  brittle.  The  weight  of  the  ash  and  refuse  was  determined  from 
chemical  analysis  of  the  coal  and  the  ash.  The  negative  heat  balance 
was  due  to  unaccountable  error. 

Test  No-  6S0;  No.  6. — ^The  load  carried  during  the  last  hour  was 
heavier  than  that  carried  during  the  rest  of  the  test,  but  the  feed  of 
coal  was  not  changed,  so  that  the  fire  at  the  end  of  the  test  was  really 
lighter.  The  weight  of  ash  and  refuse  was  determined  from  chemical 
analysis  of  the  coal  and  the  ash. 

Test  No.  6S1;  No.  7. — ^The  coal  burned  freely  with  a  medium  length 
flame.  The  weight  of  the  ash  and  refuse  was  calcidated  from  the 
chemical  analysis  of  the  coal  and  the  ash. 

Test  No.  620;  No.  7. — ^The  coal  was  clean  and  bright  and  contained 
only  a  small  amount  of  slate.  The  moisture  in  the  steam  was  deter- 
mined by  averaging  the  readings  of  the  throttling  and  the  separating 
calorimeter.  The  weight  of  the  ash  and  refuse  was  determined  by  the 
chemical  analysis  of  the  coal  and  the  ash. 

Test  No.  621;  No.  7.— The  coal  caked  badly  in  the  fire.  The 
moisture  in  the  steam  was  determined  by  averaging  the  readlogs  of 
the  throttling  and  the  separating  calorimeter.  The  weight  of  the  ash 
and  refuse  was  calculated  from  the  chemical  analysis  of  the  coal  and 
the  ash. 

Test  No.  623;  No.  7. — The  weight  of  the  ash  and  refuse  was  deter- 
mined from  the  chemical  analysis  of  the  coal  and  the  ash. 

Test  No.  624;  No.  7. — ^The  fire  at  the  close  of  the  test  was  estimated 
to  be  between  200  and  250  pounds  heavier  than  at  the  start.  No 
ash  was  removed  in  this  test.  The  weight  of  the  ash  and  refuse  was 
calculated  from  the  chemical  analysis  of  the  coal  and  the  ash.  The 
test  was  too  short  for  reliable  results.  The  furnace  doors  were 
cracked  continuously. 

Test  No.  626;  No.  7. — The  test  was  run  to  obtain  good  economy. 
The  weight  of  the  ash  and  refuse  was  determined  from  chemical 
analysis  of  the  coal  and  the  ash. 

Test  No.  626;  No.  7. — ^The  weight  of  the  ash  and  refuse  was  deter- 
mined from  the  chemical  analysis  of  the  coal  and  the  ash.    Flue-gas 
analysis  is  in  error  owing  to  a  leak  in  the  sampUng  pipe. 
99133**— Bun. 
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Test  No.  639;  No.  11. — ^The  coal  burned  with  a  short,  white  flame, 
and  caked.  The  fuel  bed  required  considerable  attention.  A  dark, 
heavy  cUnker  formed  on  the  grate;  it  was  easQy  removed.  Auto- 
matic air  admission  was  not  operated. 

KANSAS. 

Test  No.  487;  No.  2B  (briquets). — ^Automatic  air  admission  was  not 
operated.    The  clinker  was  easily  removed  from  the  furnace. 

Test  No.  488;  No.  2B  (Jbriguets). — The  briquets  burned  freely,  with 
a  medium  length  flame.  Automatic  air  admission  was  not  operated. 
Steam  was  used  in  the  ash  pit  for  half  of  the  test.  A  thick,  nonporous 
clinker  formed  on  the  grate;  it  was  broken  up  with  difficulty. 

Test  No.  495;  No.  2B  (wasJied  briquets). — ^The  briquets  burned 
freely  with  a  short  flame.  Steam  was  used  in  the  ash  pit.  Automatic 
air  admission  was  not  operated.  In  the  first  cleaning  a  light  and 
thin  clinker  adhered  somewhat  to  the  grate.  In  the  second  cleaning 
the  clinker  was  easily  removed. 

Test  No.  311;  No.  6. — Considerable  free  slate  was  present  in  the 
coal,  also  a  large  quantity  of  slate,  iron,  and  sulphur  combined.  A 
considerable  amount  of  gypsum  was  visible.  The  coal  burned  with 
a  long  flame.  Steam  was  used  in  the  ash  pit.  Automatic  air  admis- 
sion was  operated.  A  dark  brown,  solid  clinker  formed  on  the  grate 
and  was  easily  removed. 

Test  No.  323;  No.  6  {washed) . — ^The  coal  burned  freely  and  quickly, 
with  a  long  flame.  Steam  was  used  in  the  ash  pit.  Automatic  air 
admission  was  operated.  A  layer  of  plastic  clinker  and  free  ash  was 
formed  on  the  grate;  it  was  easily  removed. 

KENTUCKY. 

Test  No.  256;  No.  1 C. — ^The  coal  contained  large  quantities  of  bone 
coal  and  slate.  The  coal  burned  with  a  long,  yellow  flame,  and  caked, 
requiring  frequent  raking.  A  heavy  clinker  formed  on  the  grate;  it 
was  easily  removed.     A  ^tomatic  air  admission  was  operated. 

Test  No.  263;  No.  1 C'.— The  coal  caked  in  the  fire.  A  layer  of 
dark,  heavy,  and  solid  clinker  formed  on  the  grate;  it  was  easily 
removed.     Automatic  air  admission  was  operated. 

Test  No.  265;  No.  1 C— The  coal  burned  with  a  long  flame.  The 
volatile  matter  was  distilled  slowly.  A  heavy,  red  clinker  formed 
over  the  grate;  it  was  easily  removed,  owing  to  the  presence  of  slate. 
Automatic  air  admission  was  operated.- 

Test  No.  276;  No.  5. — The  coal  burned  freely;  small  pieces  cracked 
off  as  soon  as  the  coal  was  fired.  A  thin,  solid,  and  very  brittle 
clinker  formed  on  the  grate;  it  was  easily  broken  and  removed. 
Automatic  air  admission  was  operated. 
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Test  No.  277;  No.  6, — Small  pieces  of  coal  cracked  oflf  as  soon  as 
the  coal  was  fired.  The  fire  was  easily  handled.  Automatic  air 
admission  was  operated. 

Test  No.  £70;  No.  6. — ^Bone  coal  and  slate  occurred  in  the  coal  in 
large  quantities.  The  coal  burned  with  a  long  flame.  A  light,  por- 
ous, whitish  clinker  formed  on  the  grate;  it  was  easily  removed.  The 
test  was  begun  with  exceptionally  good  furnace  conditions.  Auto- 
matic air  admission  was  operated.     Steam  was  used  in  the  ash  pit. 

Test  No.  £71;  No.  6. — ^The  coal  burned  with  a  long  flame.  A  light, 
porous  clinker  formed  on  the  grate;  it  was  easily  broken  and  removed. 
Automatic  air  admission  was  operated.  Steam  was  used  in  the  ash 
pit.     (Night  test.) 

Test  No.  278;  No.  7. — Gypsum,  calcite,  and  slate  were  present  in 
the  coal.  Sulphur  occurred  in  both  flakes  and  balls.  The  coal 
burned  freely  when  there  was  sufficient  air  supply.  The  fuel  bed 
required  frequent  raking.  A  solid  layer  of  clinker  formed  over  the 
grate  after  about  two  and  one-half  hours'  run;  it  was  easily  removed. 
Automatic  air  admission  was  operated.  No  flue  gas  analyses  were 
made  on  this  test,  as  the  Orsat  apparatus  was  out  of  order. 

Test  279;  No.  7.— The  coal  burned  freely,  and  the  fuel  bed 
required  considerable  attention.  Automatic  air  admission  was  not 
operated.  The  clinker  was  easily  removed  from  the  grate.  The 
furnace  doors  were  cracked  for  a  short  interval  after  each  firing. 

Test  No.  434;  No.  8. — Gypsum  was  visible  in  the  coal.  Small 
quantities 'of  slate  and  iron  pyrites  were  present.  The  coal  was  very 
hard  and  contained  a  large  amoimt  of  substance  that  resembled 
charcoal.  It  burned  quickly,  with  a  long,  yellow  flame,  and  caked. 
Automatic  air  admission  was  operated.  A  thin  layer  of  very  porous 
clinker  formed  on  the  grate;  it  was  easily  removed  from  the  grate, 
but  fused  on  the  side  walls. 

Test  No.  44s ;  No.  8. — The  coal  burned  with  a  long  flame  and  caked, 
and  the  fuel  bed  required  considerable  attention.  Automatic  air 
admission  was  operated.  A  small  amount  of  porous  clinker  of 
reddish-gray  color  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  462;  No.  9B. — ^The  coal  burned  rapidly  and  freely  with  a 
long  flame.  Automatic  air  admission  was  operated.  Steam  was 
used  in  the  ash  pit  for  one  and  one-half  hours.  A  thick  porous 
clinker  of  grayish  color  formed  on  the  grate;  it  was  easily  removed. 

MABTLAND. 

Test  No.  222;  No.  1. — The  coal  was  of  crystalline  structure  and 
contained  a  small  quantity  of  sulphur  in  thick  layers.  It  was 
reduced  to  slack  by  shipping.  It  burned  slowly  with  a  short  white 
flame,  and  caked.  Qinker  and  free  ash  formed  on  the  grate;  it  was 
easily  removed.    Automatic  air  admission  was  not  operated. 
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Test  No.  SSI;  No.  1  {washed). — ^The  coal  burned  slowly  and  caked. 
The  volatile  matter  was  distilled  off  quickly.  The  clinker  was  easily 
removed.    Automatic  air  admission  was  operated. 

Test  No.  2S2;  No.  1  (tvashed). — ^A  porous  clinker  formed  on  the 
grate;  it  was  easily  removed.  Automatic  air  admission  was  not 
operated. 

Test  No.  490;  No.  2. — ^Automatic  air  admission  was  not  operated. 
A  small  amount  of  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  49S;  No.  2  Qmquets). — ^Automatic  air  adnoission  was  not 
operated.    The  fire  was  easily  handled. 

Test  No.  618;  No.  2  Qmquets). — ^The  briquets  were  burned  with  a 
short  flame.  Automatic  air  admission  was  not  operated.  The  fire 
was  easily  handled. 

nssoxTBi. 

Test  No.  SI 9;  No.  6. — ^The  coal  burned  slowly  with  a  medium  length 
flame^  and  caked.  Automatic  air  admission  was  operated.  A  thick 
layer  of  dark-bro¥ni  clinker  formed  on  the  grate;  it  was  easily 
removed. 

Test  No.  S20;  No.  5. — Sulphur  occurred  in  the  coal  in  thick  layers 
in  small  quantity.  Slate  occurred  in  thick  and  in  thin  layers.  A 
small  quantity  of  clay  was  present.  The  coal  burned  quickly,  and 
caked  on  accoimt  of  the  large  amount  of  slack;  it  cracked  in  the  fire. 
Automatic  air  admission  was  operated.  A  thick  layer  of  heavy  and 
solid  cUnker  formed  on  the  grate;  at  the  first  cleaning  it  was  easily 
removed;  at  the  second  cleaning  it  was  removed  with  difl&culty. 
The  fuel  bed  required  considerable  attention.  The  figures  for  mois- 
ture in  steam  were  assumed. 

Test  No.  S26;  No.  6. — Sulphur  occurred  in  the  coal  both  as  sulphur 
balls  and  in  thick  layers.  Gypsum  and  calcite  were  quite  prevalent 
in  flakes.  The  coal  burned  freely,  with  a  long  flame.  Steam  was 
used  in  the  ash  pit.  Automatic  air  admission  was  operated.  A 
heavy  clinker  of  dark-red  color  formed  on  the  grate;  it  was  easily 
removed. 

Test  No.  S27;  No.  6. — ^The  coal  consisted  of  thin  layers  of  black 
shiny  coal  alternated  with  a  dull  gray  substance.  It  fractured  in 
planes  parallel  and  at  right  angles  to  the  layers;  it  was  broken  with 
difficulty.  Sulphur  occurred  in  small  quantity  in  thin  layers  and 
veins.  Slate  was  present  in  small  quantity  in  thin  layers  adhering 
to  the  coal.  Gypsum  and  calcite  occurred  in  large  quantities  in  white 
opaque  flakes  in  planes  at  right  angles  to  the  bedding  planes.  The 
coal  burned  freely,  with  a  long  flame.  Steam  was  used  in  the  ash  pit. 
Automatic  air  admission  was  operated.  A  heavy,  compact  clinker  of 
dark-red  color  formed  on  the  grate;  it  was  easily  removed. 
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Test  No.  SS9;  No.  7A  (vxished).— The  coal  burned  freely  and 
quickly  with  a  long  flame.  Steam  was  used  in  the  ash  pit.  Auto- 
matic air  admission  was  operated.  A  thin  layer  of  sohd  and  brittle 
clinker  was  formed  on  the  grate;  it  was  easily  removed.  The  fire 
was  easily  handled. 

Test  No.  SSO;  No.  7A  {muihed).— The  coal  burned  freely  and 
quickly  with  a  long  flame.  Steam  was  used  in  the  ash  pit.  Auto- 
matic air  admission  was  operated.  A  thin  layer  of  solid;  heavy 
clinker  of  dark-brown  color  formed  on  the  grate;  it  was  easily 
removed. 

Test  No.  SS2;  No.  7B  (vxished).— The  coal  burned  quickly  with  a 
long  flame.  Automatic  air  admission  was  not  operated.  A  thick 
layer  of  sohd,  heavy  clinker  of  dark-bro¥ni  color  formed  on  the 
grate;  it  was  easily  removed.  The  test  was  run  to  obtain  high 
capacity,  and  forced  draft  was  used. 

Test  No.  486;  No.  10  (briquets). — ^The  briquets  burned  freely  with  a 
long  flame.  Automatic  air  admission  was  not  operated.  Ash  formed 
on  the  exterior  of  the  briquets,  reducing  the  rate  of  combustion.  A 
laige  amount  of  dark-brown  porous  ash  formed  on  the  grate;  it  was 
easily  removed.    The  fuel  bed  required  considerable  attention. 

MONTANA. 

Test  No.  470;  No.  2. — ^The  coal  burned  freely  and  quickly.  Auto- 
matic air  admission  was  not  operated.  The  fire  was  easily  handled. 
Difficulty  was  experienced  in  separating  the  ash  from  the  Uve  fuel 
in  cleaning  fires. 

Test  No.  477;  No.  S. — ^The  coal  burned  freely.  Automatic  air 
admission  was  not  operated.  The  fire  was  easily  handled.  Very 
porous  clmker  formed  on  the  grate;  it  was  easily  removed. 

NSW  XXXICO. 

Test  No.  S96;  No.  SA. — ^The  coal  was  rather  soft.  In  structure 
it  consisted  of  layers  of  bright  black  coal  alternating  with  a  dull  gray 
substance.  The  fracture  was  irregular,  forming  rough  surfaces. 
Slate  occurred  in  large  quantity  in  thick  layers  adhering  to  the  coaL 
A  large  quantity  of  clay  was  present.  The  coal  burned  freely  and 
quickly,  with  a  long  yellow  flame.  Automatic  air  admission  was 
not  operated.  The  fire  was  easily  handled.  Free  ash,  light  in 
weight,  formed  on  the  grate. 

Test  No.  S89;  No.  SB.— The  coal  was  soft  and  brittle;  it  crumbled 
when  handled.  Its  structure  was  partly  crystals  and  partly  layers. 
The  fracture  was  irregular,  forming  rough  edges.  Slate  occurred 
in  large  quantity  in  thin  and  thick  layers  well  distributed.  Sulphur 
occurred  in  small  quantity  in  thin  layers.    The  coal  burned  freely 
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and  quickly  ^th  a  long,  yellow  flame,  and  cracked  in  the  fiie.  The 
fire  doors  were  partly  open  for  one  and  one-half  minutes  after  each 
firing.  Free  ash  formed  on  the  grate.  Flue^as  analysis  is  ques- 
tionable. Automatic  aur  admission  was  not  operated.  The  fire  was 
easily  handled. 

Test  No.  S91;  No.  SB. — ^The  coal  burned  freely  and  quickly,  with  a 
long  yellow  flame^  and  cracked  in  the  fire.  Automatic  air  admission 
was  not  operated.  The  furnace  doors  were  partly  open  after  each 
firing  for  a  short  interval.  The  fire  was  easily  handled.  A  thick 
layer  of  free  ash  formed  on  the  grate.  The  flue-gas  samples  were 
questionable. 

Test  No.  S92;  No.  SB  (washed). — ^The  coal  burned  quickly,  with  a  long 
yellow  flame,  and  caked.  Automatic  air  admission  was  not  operated. 
The  fire  doors  were  partly  open  for  a  short  interval  after  each  firing. 
The  fire  was  easily  handled.     Free  ash  formed  on  the  grate. 

Test  No.  S97;  No.  J^A. — ^The  coal  contained  a  large  quantity  of  dirt, 
slate,  clay,  and  stone.  It  burned  freely.  Automatic  air  admission 
was  not  operated.    Free  ash,  fight  in  color,  formed  on  the  grate. 

Test  No.  S98;  No.  J^A  (wasTied). — ^The  coal  contained  a  large  quan- 
tity of  dirt,  slate,  clay,  and  stone.  It  burned  freely.  Automatic  fur 
admission  was  not  operated.  Free  ash,  light  in  color,  formed  on  the 
grate. 

Test  No.  S9B;  No.  4B. — ^The  coal  was  rather  soft.  Its  structure 
was  mostly  layers  of  bright  black  coal  alternating  with  layers  of  dull 
gray  substance.  The  fracture  was  irregular,  forming  rough  surfaces. 
Free  slate  occurred  in  small  quantity.  The  coal  burned  quickly,  with 
a  long  yellow  flame,  and  caked.  The  fire  was  easily  handled.  Free 
ash  formed  on  the  grate  and  was  easily  removed. 

Test  No.  S87;  No.  6. — ^The  structure  of  the  coal  was  crystalline. 
The  fracture  was  irregular,  making  rough  surfaces.  The  coal  was 
soft  and  crumbled  in  handling.  It  burned  freely  and  quickly  with 
a  medium  length  flame.  Automatic  air  admission  was  not  operated. 
Fire  doors  were  left  open  for  one  and  one-half  minutes  after  each 
firing.  Large  pieces  of  free  ash  formed  on  the  grate.  The  fire  was 
easily  handled.    Flue-gas  samples  were  questionable. 

NORTH  DAKOTA. 

Test  No.  206;  No.  5. — ^The  coal  burned  with  a  short  white  flame 
and  crumbled  in  the  fire.  A  thin  layer  of  very  heavy  cUnker  formed 
on  the  grate;  it  was  easily  removed.  Free  ash  was  white  in  color. 
Automatic  air  admission  was  not  operated. 

omo. 

Test  No.  191;  No.  1 . — Sulphur  occurred  in  the  coal  in  large  balls  and 
thick  layers.  A  large  quantity  of  free  slate  was  visible.  The  coal 
burned  slowly  and  caked.    Heavy  clinker  of  dark-gray  color  formed 
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on  the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  192;  No.  1  {vxished). — Heavy  clinker  of  dark-gray  color 
formed  on  the  grate;  it  was  easily  removed.  Automatic  air  admis- 
sion was  operated. 

Test  No.  19S;  No.  2. — Sulphur  occurred  in  the  coal  in  thin  layers. 
The  coal  burned  with  a  long  flame.  A  reddish-brown  clinker  adhered 
to  the  grate;  it  was  removed  with  difficulty.  Automatic  air  admis- 
sion was  operated. 

Test  No.  197;  No.  2  {washed). — ^The  coal  burned  freely.  A  thin 
layer  of  dark  heavy  clinker  fused  to  the  grate;  it  was  removed  with 
difficulty.    Automatic  air  admission  was  operated. 

Test  No.  20S;  No.  S  {washed). — ^The  coal  burned  very  freely,  with  a 
long  flame.  light  porous  clinker  formed  on  the  grate ;  it  was  easily 
removed.     Automatic  air  admission  was  operated. 

Test  No.  188;  No.  4- — ^The  coal  contained  a  large  quantity  of  free 
slate.  Thin  layers  of  bright  tarry  coal  alternated  with  a  dull-gray, 
charcoal-like  substance.  The  coed  burned  rapidly,  with  a  long  white 
flame,  and  caked.  The  clinker  was  heavy  and  of  a  dark-gray  color; 
it  was  easily  removed  from  the  grate.  Automatic  air  admission  was 
operated. 

Test  No.  201;  No.  4- — ^The  coal  burned  freely,  A  dark-gray,  heavy 
clinker  adhered  to  the  grate.     Automatic  air  admission  was  operated. 

Test  No.  202;  No.  4* — ^The  coal  burned  freely,  with  a  long  yellow 
flame.  A  heavy  dark-gray  cUnker  adhered  to  the  grate.  Auto- 
matic air  admission  was  operated. 

Test  No.  219;  No.  4  {washed). — ^The  coal  burned  with  a  long  yellow 
flame.  A  very  heavy  dark-gray  clinker  formed  on  the  grate.  Dur- 
ing the  first  part  of  the  test  the  clinker  did  not  adhere  to  the  grate, 
but  during  the  latter  part  it  fused  into  the  grate,  and  was  removed 
with  difficulty.     Automatic  air  admission  was  operated. 

Test  No.  220;  No.  4  {washed). — Sulphur  appeared  in  the  coal  in 
layers.  Considerable  free  slate  was  present.  The  coal  burned  with 
a  long  yellow  flame;  the  small-sized  coal  caked  badly.  The  volatile 
matter  began  to  distill  quickly  after  the  coal  was  fired.  A  thin, 
solid,  heavy  layer  of  clinker  formed  over  the  grate;  it  was  easily 
removed.  Steam  was  used  in  the  ash  pit.  Automatic  air  admission 
was  operated. 

Test  No.  221;  No.  4  {washed). — ^The  coal  burned  with  a  long  yellow 
flame.  The  volatile  matter  began  to  distill  quickly  after  the  coal 
was  fired.  A  heavy  nonporous  cUnker  of  a  dark-brown  color  formed 
on  the  grate;  it  was  removed  in  large  pieces  without  difficulty. 
Automatic  fur  admission  was  operated.  Steam  was  used  in  the  ash 
pit.     The  coal  and  ash  samples  in  this  test  were  mixed,  by  mistake. 
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The  chemical  determinations  used  are  from  the  analysis  of  the  same 
coal  in  the  preceding  test. 

Test  No.  186;  No.  6. — ^The  coal  contained  a  considerable  quantity 
of  free  slate.  It  burned  with  a  long  white  flame.  A  layer  of  clinker 
formed  on  the  grate  and  was  easily  removed  owing  to  the  presence 
of  slate.  The  clinker  was  of  medium  weight,  very  porous,  and  of  a  deep 
purple  color.    Automatic  air  admission  was  operated. 

Test  No.  187;  No.  5. — ^The  coal  burned  freely,  with  a  long  yellow 
flame.  The  chnker  was  deep  purple  in  color,  medium  in  weight, 
porous,  and  loosely  formed;  it  was  easily  removed  from  the  grate, 
owihg  to  the  presence  of  slate.  The  free  ash  was  of  a  gray  color. 
Automatic  air  admission  was  operated. 

Test  No.  189;  No.  6. — ^The  coal  contained  a  large  quantity  of  free 
slate.  Thin  layers  of  bright  tarry  coal  alternated  with  a  dull  charcoal- 
like substance.  The  coal  biuned  rapidly,  with  a  long  white  flame, 
and  caked.  A  little  porous  clinker  of  a  dark-gray  color  and  large 
pieces  of  free  ash  formed  on  the  grate;  they  were  easily  removed. 
Automatic  air  admission  was  operated. 

Test  No.  190;  No.  6. — ^The  coal  burned  rapidly,  with  a  long  white 
flame,  and  caked.  The  fire  was  easily  handled.  Clinker  was  of  a 
dark-gray  color.    Automatic  air  admission  was  operated. 

Test  No.  £84;  No.  6. — ^The  coal  contained  considerable  bone  coal 
and  slate.  A  small  quantity  of  gypsum  was  present.  The  coal  burned 
freely,  with  a  long  flame.  A  dark  heavy  clinker  formed  on  the  grate; 
it  was  easily  removed.    Automatic  air  admission  was  not  operated. 

Test  No.  263;  No.  6  {washed.) — ^The  coal  biuned  with  a  long  flame. 
A  thin  soUd  layer  of  heavy  clinker  formed  on  the  grate;  it  was 
removed  with  dij£culty.    Automatic  air  admission  was  operated. 

Test  No.  268;  No.  7. — ^Much  sulphur,  in  laj^e  balls  and  thick  layers, 
occurred  in  the  coal.  A  small  quantity  of  free  slate  was  present. 
Thin  layers  of  bright  coal  alternated  with  a  dull  black  substance. 
The  coal  cracked  in  the  fire.  A  thick  layer  of  heavy  clinker  formed 
on  the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  269;  No.  7. — ^The  coal  cracked  in  the  fire.  A  thick  layer 
of  solid,  heavy  clinker  formed  on  the  grate;  it  was  easily  removed 
during  the  first  cleaning;  later  it  adhered  to  the  grate  and  was 
removed  with  difficulty.  Automatic  air  admission  was  operated. 
Steam  was  used  in  the  ash  pit. 

Test  No.  287;  No.  8. — Much  sulphur  in  large  balls  and  thick 
layers  occurred  in  the  coal.  The  coal  burned  freely  and  cracked  iu 
the  fire.  Automatic  air  admission  was  operated.  A  thick  layer  of 
loose,  heavy  clinker  formed  on  the  grate  but  was  easily  removed. 

Test  No.  246;  No.  9A. — The  coal  contained  much  sulphur  in  large 
balls  and  thick  layers.     Small  quantities  of  gypsum  and  calcite  were 
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present  in  transparent  layers.  The  coal  burned  freely,  with  a  long, 
yellow  flame.  A  thin  layer  of  porous  clinker  of  a  light^ay  color 
formed  on  the  grate;  it  was  easily  removed.  Automatic  air  admis- 
sion was  operated.    Steam  was  used  in  the  ash  pit. 

Test  No.  H9;  No.  9 A. — Sulphur  occurred  in  the  coal  in  thin  flakes. 
Considerable  quantities  of  gypsum  and  calcite  were  present.  A 
small  quantity  of  slate  was  visible.  The  coal  burned  freely.  Vola- 
tile matter  distilled  slowly  when  the  coal  was  fired.  A  soft,  light 
clinker  of  dark-brown  color  formed  over  the  grate.  Automatic  air 
admission  was  operated. 

Test  No.  260;  No.  9 A. — ^The  coal  burned  freely  with  a  long  flame. 
Volatile  matter  distilled  slowly  when  the  coal  was  fired.  A  light, 
tough,  porous  clinker  formed  over  the  grate.  During  the  early  part 
of  the  test  no  steam  was  used  in  the  ash  pit  and  the  clinker  stuck 
badly  to  the  grate.  The  use  of  steam  in  tJie  ash  pit  thereafter  pre- 
vented further  trouble  with  the  clinker.  Automatic  air  admission 
was  operated.  This  test  was  started  immediately  after  closing  a 
10-hour  run,  so  as  to  determine  the  effect  on  efficiency  of  starting 
the  test  with  a  very  hot  setting.     (Night  test.) 

Test  No.  262;  No.  S^.— The  coal  burned  freely.  A  thick  layer  of 
porous  clinker  formed  on  the  grate;  it  was  easily  removed.  Auto- 
matic air  admission  was  operated. 

Test  No.  224;  ^o.  9B. — ^The  coal  burned  with  a  long,  yellow  flame, 
and  caked.  A  thick,  porous  clinker  of  a  dark-gray  color  formed  on 
the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated.  Furnace  temperature  readings  were  taken  from  a  black 
body  placed  against  the  inside  wall  of  the  combustion  chamber;  the 
readings  were  too  low. 

Test  No.  241 ;  No.  9B  (washed). — The  coal  burned  freely  and 
cracked  when  thrown  on  the  fire.  A  light,  porous  clinker  and  free 
ash  formed  on  the  grate;  they  were  easily  removed.  Automatic  air 
admission  was  operated.    Steam  was  used  in  the  ash  pit. 

Test  No.  24S;  No.  9B  (washed  and  dried) . — ^The  coal  burned  freely, 
with  a  long  yellow  flame,  and  caked.  A  light,  porous  clinker  formed 
on  the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  244;  No.  9B  (washed  and  dried). — ^The  coal  burned  freely, 
with  a  long  yellow  flame.  Light,  porous  clinker  formed  on  the  grate; 
it  was  easily  removed.  Automatic  air  admission  was  operated. 
(Night  test.) 

Test  No.  469;  No.  10. — ^The  coal  contained  some  iron  pjrites  and 
gypsum.  It  burned  freely,  with  a  long  flame.  Steam  was  used  in 
the  ash  pit  two  hours  before  cleaning  the  fire.  Automatic  air  admis- 
sion was  not  operated.     The  lower  furnace  doors  were  cracked  after 
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each  firing.  A  grayish,  porous  clinker  formed  on  the  grate;  it  was 
easily  removed. 

Test  No,  474^'  No,  11, — The  coal  burned  freely,  with  a  long  flame. 
A  heavy,  loose  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  475;  No,  11. — ^The  coal  burned  with  a  long  flame.  A 
heavy,  loose  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  48S;  No.  12. — The  coal  burned  freely,  with  a  white, 
short  flame.  The  doors  were  cracked  after  each  firing.  Automatic 
air  admission  was  not  operated.  The  fire  was  easily  handled.  A 
brittle  clinker  formed  on  the  grate;  it  was  easily  removed. 

PENNSYLVANIA. 

Test  No.  207;  No.  4- — The  coal  contained  considerable  free  slate. 
Some  clay  occmrred  in  layers  about  one-fourth  inch  thick.  The  coal 
burned  freely,  with  a  long,  yellow  flame;  the  small  coal  caked  in  the 
fire.  A  very  light  clinker  of  whitish-gray  color  formed  over  the 
grate;  it  was  easily  removed,  owing  to  the  presence  of  clay  and  slate. 
Automatic  air  admission  was  operated. 

Test  No.  208,  No.  4- — The  coal  burned  with  a  long,  yellow  flame; 
the  small  coal  caked  badly.  The  fuel  bed  required  much  attention. 
A  light,  fragile,  porous  clinker  of  a  light-gray  color  formed  on  the 
grate;  it  was  easily  removed.  Automatic  air  admission  was  not 
operated. 

Test  No.  209;  No.  4« — ^The  coal  burned  with  a  long  yellow  flame; 
the  fine  coal  caked  badly.  The  fuel  bed  required  much  attention. 
A  light,  fragile  clinker  of  a  light-gray  color  formed  on  the  grate;  it 
was  easily  removed.    Automatic  air  admission  was  operated. 

Test  No.  286;  No.  5. — The  coal  burned  freely.  Automatic  air 
admission  was  not  operated.  The  clinker  was  porous,  and  was 
easily  removed  from  the  grate. 

Test  No.  194;  ^o-  5  (vxisTied). — ^The  coal  burned  freely,  with  a 
long,  bright  flame.  A  gray,  porous  clinker,  light  in  weight,  formed 
over  the  grate;  it  was  easily  removed.  Automatic  air  admission 
was  operated. 

Test  No.  195;  No.  5  (^uxisJied). — The  fire  was  easily  handled. 

Test  No.  217;  No.  6. — The  coal  burned  rapidly,  with  a  long,  yellow 
flame,  and  caked.  A  layer  of  light,  porous  clinker  of  a  light-gray 
color  formed  on  the  grate;  it  was  easily  removed.  Automatic  air 
admission  was  operated. 

Test  No.  218;  No.  6. — Free  slate  occurred  in  large  quantity  in 
layers.  A  small  quantity  of  clay  was  present.  The  coal  burned  with 
a  long,  yellow  flame.  A  little  light  clinker  of  light-gray  color,  and 
some  free  ash  formed  on  the  grate;  they  were  easily  removed.  Auto- 
matic air  admission  was  operated. 

Test  No.  333;  No.  6  (briquets), — ^The  briquets  burned  freely  and 
slowly,  with  a  short,  white  flame;  they  did  not  crumble.    Auto- 
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matic  air  admission  was  operated.  A  thick  layer  of  porous  and 
brittle  clinker  formed  on  the  grate;  it  was  easily  removed.  The  test 
was  too  short  for  reliable  results.  The  briquets  were  broken  in 
halves  before  firing. 

Test  No.  198;  No.  7. — The  coal  used  on  this  test  contained  much 
slack;  it  burned  slowly  and  caked  in  the  fire.  A  light,  porous  clinker 
formed  on  the  grate;  it  was  easily  removed.  Automatic  air  admis- 
sion was  operated. 

Test  No.  S07;  No.  7. — ^The  coal  burned  with  a  short  flame.  Auto- 
matic air  admission  was  operated.  Large  pieces  of  free  white  ash 
formed  on  the  grate;  they  were  easily  removed.  This  coal  was 
exposed  to  the  weather  four  and  one-half  months  before  testing. 

Test  No.  199;  No.  7  {vxtshed). — Gypsum  and  calcite  were  visible 
only  in  the  ash  and  refuse.  The  coal  burned  with  a  long,  yellow 
flame,  and  caked  considerably  in  the  fire,  probably  owing  to  the 
presence  of  small  coal.  The  fuel  bed  required  much  attention. 
Light  porous  clinker  and  free  ash  of  a  Ught-gray  color  formed  on  the 
grate;  they  were  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  2S6;  No.  8. — ^The  coal  burned  with  a  short,  white  flame, 
and  caked.  A  little  light  clinker  of  a  light-gray  color,  and  pieces  of 
free  ash  formed  on  ihe  grate;  they  were  easily  removed.  Automatic 
air  admission  was  not  operated. 

Tesi  No.  237;  No.  8. — The  coal  burned  slowly,  with  a  short,  white 
flame,  and  caked.  A  light  clinker  of  a  light-gray  color  formed  on 
the  grate;  it  was  easily  removed.  Automatic  air  admission  was  not 
operated. 

Test  No.  238;  No.  8. — The  coal  burned  slowly,  with  a  short,  white 
flame,  and  caked.  The  clinker  was  easily  removed  from  the  grate. 
The  fuel  bed  required  considerable  attention.  Automatic  air  admis- 
sion was  not  operated. 

Test  No.  239;  No.  8. — ^The  coal  burned  slowly,  with  a  short,  white 
flame,  and  caked.  The  clinker  was  easily  removed.  Automatic  air 
admission  was  not  operated. 

Test  No.  242;  No.  8  (dried). — ^The  coal  burned  slowly,  with  a  short, 
white  flame,  and  caked.  A  light  porous  cHnker  formed  on  the  grate; 
it  was  easily  removed.  Automatic  air  admission  was  operated. 
The  coal  was  fired  shortly  after  leaving  the  dryer.  The  temperature 
of  the  coal  when  fired  was  170®  F. 

Test  No.  227;  No.  10. — ^The  coal  burned  freely,  with  a  long,  yellow 
flame,  and  cracked  in  the  fire.  A  small  amount  of  heavy  clinker  of 
light^ay  color  formed  on  the  grate;  it  was  easily  removed.  Auto- 
matic air  admission  was  operated. 

Test  No.  228;  No  iO.— Thin  layers  of  bright  shiny  coal  alternated 
with  a  duU-brown  substance.    The  coal  was  broken  with  difficulty. 
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It  fractured  irregularly;  the  broken  pieces  had  sharp  edges  and  points. 
It  burned  with  a  long,  yellow  flame  and  cracked  in  the  fire.  Heavy 
clinker  of  a  light-gray  color  formed  on  the  grate;  it  was  easily  le- 
moved.    Automatic  air  admission  was  operated. 

Test  No.  229;  No.  10, — ^The  coal  burned  freely,  with  a  long,  yellow 
flame,  and  cracked  in  the  fire.  A  heavy  clinker  of  light  color  formed 
on  the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated. 

Test  No.  472;  No.  15. — ^The  coal  caked  in  the  fijre.  Steam  was  used 
in  the  ash  pit.  Automatic  air  admission  was  not  operated.  The 
clinker  adhered  to  the  grate  and  was  removed  with  difficulty. 

Test  No.  47S;  No.  15. — ^The  coal  burned  with  a  short  flame,  and 
caked;  it  cracked  in  the  fire.  Steam  was  used  in  the  ash  pit.  Auto- 
matic air  admission  was  not  operated.  The  fuel  bed  required  con- 
siderable attention. 

Test  No.  467;  No.  15  (briquets) . — ^The  briquets  burned  with  a  short 
flame.  Steam  was  used  in  the  ash  pit.  Automatic  air  admission 
was  not  operated.  A  thin  clinker  of  red  and  black  color  formed 
on  the  grate,  and  was  removed  with  difficulty  on  account  of  the  bad 
condition  of  the  grate  bars.    The  clinker  impeded  the  air  supply. 

Test  No.  468;  No.  16  (briquets) . — ^The  briquets  burned  slowly,  with 
a  medium  length  flame.  Automatic  air  admission  was  not  operated. 
A  heavy,  brittle  clinker  of  grayish  color  formed  on  the  grate;  it  was 
easily  removed. 

Test  No.  471;  No.  16.— The  coal  caked  in  the  fire.  The  fuel  bed 
required  considerable  attention.  Steam  was  used  in  the  ash  pit  five 
hours  before  cleaning.  Automatic  air  admission  was  not  operated. 
A  grayish,  porous  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  4^;  No.  17. — ^The  coal  burned  with  a  short  flame,  and 
caked.  The  fuel  bed  required  frequent  attention.  Automatic  air 
admission  was  not  operated.  A  light,  porous  clinker  of  a  very  dark 
color  formed  on  the  grate,  but  was  easily  broken  up  and  removed. 

Test  No.  506;  No.  17.— The  coal  caked  in  the  fire.  The  fuel  bed 
required  much  attention.  Automatic  air  admission  was  not  oper- 
ated.   The  clinker  was  easily  removed. 

Test  No.  499;  No.  18  (briquets). — ^The  briquets  burned  freely  and 
did  not  crumble  in  the  fire.  The  furnace  was  very  hot.  Automatic 
air  admission  was  not  operated.    The  fire  was  easily  handled. 

Test  No.  515;  No.  18  (briquets). — ^The  coal  burned  with  a  short 
flame.  Automatic  air  admission  was  not  operated.  The  fire  was 
easily  handled. 

Test  No.  498;  No.  19. — The  coal  burned  with  a  short  flame.  Auto- 
matic air  admission  was  not  operated.  A  porous  clinker  formed  on 
the  grate;  it  was  easily  removed.    The  fire  was  easily  handled. 
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Test  No.  508;  No.  19  (briquets). — ^Automatic  air  admissoin  was  not 
operated.  The  fire  was  raked  frequently  to  break  up  the  briquets. 
The  clinker  was  easily  removed. 

Test  No.  512;  No.  20  (washed  briquets). — ^Automatic  air  admission 
was  not  operated.  The  briquets  held  together  well  in  the  fire.  The 
fire  was  easily  handled. 

Test  No.  614;  No.  20  (briquets). — Automatic  air  admission  was  not 
operated.    The  furnace  was  very  hot.    The  fire  was  easily  handled. 

Test  No.  610;  No.  22  (briquets). — ^Automatic  air  admission  was  not 
operated.     The  fire  was  easily  handled. 

BHODE  ISLAND. 

Test  No.  401;  No.  1. — ^The  coal  burned  slowly,  with  a  short,  bluish 
flame.  It  became  hot  and  fused  together,  cutting  off  the  air  supply 
through  the  grate.  Hooking  the  fire  helped  slightly.  Small  pieces 
of  coal  burned  more  completely  than  large  ones.  About  |-inch  coal 
would  be  the  best  size  for  steaming  purposes.  Large  pieces  bum 
only  on  the  surface,  because  the  ash  fuses  and  adheres  to  the  coal,  thus 
insulating  the  inner  portion.  Low  capacity  was  developed,  owing 
to  the  fact  that  high  enough  draft  could  not  be  obtained  with  the  fan 
blower.  In  order  to  develop  the  rated  capacity,  a  draft  of  3  to  4 
inches  of  water  would  be  necessary.  A  rocking  grate  would  be  prefer- 
able to  a  flat  grate.  Pressure  was  used  in  the  ash  pit.  Automatic 
air  admission  was  not  operated.  The  furnace  temperature  was  too 
low  to  be  read  by  the  Wanner  optical  pyrometer. 

TEKNESSEX. 

Test  No.  S44j  No.  1. — Sulphur  balls  occurred  in  the  coal  in  small 
quantity.  Thin  layers  of  slate  were  present.  The  coal  burned  freely. 
Automatic  air  admission  was  operated.  A  fragile,  porous  clinker  light 
in  weight  and  of  a  dark  grayish-red  color  formed  over  the  grate;  it 
was  easily  removed. 

Test  No.  345 ;  No.  1. — ^The  coal  burned  freely,  with  a  long  flame. 
Automatic  air  admission  was  operated.  A  light,  porous  clinker 
formed  on  the  grate;  it  was  easily  removed. 

Test  No.  S46;  No.  1. — ^Lumps  of  slate  were  present  in  the  coal. 
The  coal  burned  freely,  with  a  long  flame.  The  fire  was  easily  han- 
dled. Automatic  air  admission  was  operated.  The  clinker  was 
easily  removed. 

Test  No.  4ilf  No.  1  (wasJied  briquets). — ^The  briquets  held  together 
well  in  the  fire  and  burned  with  a  long  flame.  Automatic  air  admis- 
sion was  not  operated.  The  fire  was  easily  handled.  The  test  was 
too  short  for  reliable  results. 

Test  No.  409;  No.  1  (vxished  briquets). — ^The  briquets  held  together 
well  in  the  fire  and  burned  with  a  long  flame;  they  were  broken  in 
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halves  before  firing.  Automatic  air  admission  was  not  operated.  A 
small  amount  of  brown  clinker  formed  on  the  grate;  it  was  easily 
removed.    The  flue-gas  temperature  was  questionable. 

Test  No,  367;  No,  2, — ^The  coal  contained  some  lumps  of  heavy, 
reddish  substance,  probably  iron  oxide.  It  burned  very  freely,  with 
a  long  flame,  and  cracked  in  the  fire.  Steam  was  used  in  the  ash  pit. 
Automatic  air  admission  was  not  operated.  The  furnace  doors  were 
cracked  after  each  firing.  A  loose,  light  clinker  of  reddish-brown  color 
formed  on  the  grate;  it  was  easily  removed.  The  combustion  wall 
fell  during  the  test.    The  test  was  run  to  obtain  high  capacity. 

Test  No.  368;  No.  2. — ^The  coal  burned  freely,  with  a  long  flame, 
and  cracked  in  the  fire.  Automatic  air  admission  was  not  operated. 
Steam  was  used  in  the  ash  pit  two  hours  before  cleaning  the  fire.  The 
furnace  doors  were  cracked  two  minutes  after  each  fiiring.  A  loose, 
porous  clinker  of  reddish-brown  color  formed  on  the  grate;  it  was 
easily  removed.  The  combustion  wall  was  down  during  the  entire 
test. 

Test  No.  369;  No.  2. — ^The  coal  burned  freely.  Automatic  air 
admission  was  not  operated.  A  light,  brittle,  porous  clinker  of 
reddish-brown  color  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  349;  No.  3. — ^The  coal  burned  freely,  with  a  long  flame. 
Steam  was  used  in  the  ash  pit  after  11  a.  m.  Automatic  air  admis- 
sion was  operated.  A  solid  clinker  formed  over  the  grate;  it  was 
easily  broken  up  and  removed.  Flaming  in  the  hood  was  noticed  at 
firing  intervals  for  about  one  hour. 

Test  No.  350;  No.  3. — ^The  coal  contained  considerable  quantities 
of  slate  and  bone  coal.  It  burned  freely,  with  a  long  flame.  Steam 
was  used  in  the  ash  pit.  Automatic  air  admission  was  operated.  A 
thin  layer  of  solid  and  fragile  clinker  formed  on  the  grate;  it  was 
easily  removed,  owing  to  the  presence  of  a  large  amount  of  slate. 
The  test  was  run  to  obtain  high  capacity. 

Tesi  No.  366;  No.  4- — The  coal  burned  freely,  with  a  long  flame. 
One  vane  of  the  automatic  air  admission  was  left  open  continuously. 
A  very  light  and  porous  clinker  formed  on  the  grate;  it  was  easily 
removed.    The  combustion  wall  was  partly  down  during  the  test. 

Test  No.  366;  No.  4- — Small  quantities  of  slate  and  flake  sulphur 
were  distributed  through  the  coal.  The  coal  burned  freely,  with  a 
long  flame.  Automatic  air  admission  was  operated.  A  loose  clinker 
formed  on  the  grate;  it  was  easily  removed.  The  test  was  run  to 
obtain  high  capacity. 

Test  No.  406;  No.  4  (iriquets). — ^The  briquets  did  not  crumble  in 
the  fire  and  burned  with  a  long  flame;  they  were  broken  in  halves 
before  firing.  Automatic  air  admission  was  not  operated.  The  fire 
was  easily  handled. 
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Test  No.  S62;  No.  5. — Sulphur  was  present  in  the  coal  in  consider- 
able quantity.  Some  slate  was  visible.  The  coal  was  small  and  very 
wet.  It  burned  rapidly,  with  a  long  flame.  The  clinker  was  very 
brittle  and  porous  and  was  easily  removed  from  the  grate.  Auto- 
matic air  admission  was  operated. 

Test  No.  S67;  No.  5. — The  coal  contained  small  quantities  of  slate 
and  fire  clay,  also  a  few  pieces  of  pyrites.  It  burned  freely,  with  a 
long  flame.  Steam  was  used  in  the  ash  pit.  Automatic  air  admission 
was  operated.  A  layer  of  reddish-brown,  solid,  heavy  clinker  formed 
on  the  grate;  it  was  easily  broken  up  and  removed. 

Test  No.  368;  No.  6, — The  coal  burned  freely,  with  a  long  flame. 
Steam  was  used  in  the  ash  pit.  Automatic  air  admission  was  oper- 
ated. A  layer  of  clinker  formed  over  the  grate;  it  was  easily  broken 
up  and  removed.    The  test  was  run  to  obtain  high  capacity. 

Test  No.  S79;  No.  6. — ^The  coal  contained  a  considerable  quantity 
of  lump  slate;  it  burned  with  a  short  flame,  and  caked.  One-quarter 
of  the  observations  of  furnace  temperature  were  too  low  to  be  read 
by  the  Wanner  optical  pyrometer;  the  average  of  the  furnace  tempera- 
ture was  not  representative  of  the  test.  Steam  was  used  in  the  ash 
pit  for  one  hour  before  cleaning.  Automatic  au*  admission  was  oper- 
ated. A  dark,  porous  clinker  formed  on  the  grate ;  at  the  first  cleaning 
it  was  removed  with  difliculty ;  at  the  second  cleaning  it  was  easily 
removed.    A  new  mixing  wall  was  in  the  combustion  chamber. 

Test  No.  381;  No.  6. — Seventeen  out  of  twenty-seven  observations 
of  furnace  temperature  were  too  low  to  be  read  by  the  Wanner  optical 
pyrometer;  the  average  is  not  representative  of  the  test.  The  coal 
burned  with  a  medium  length  flame.  The  fuel  bed  required  consid- 
erable attention.  Automatic  air  admission  was  operated.  A  hght, 
porous  clinker  of  brown  color  adhered  sUghtly  to  the  grate. 

Test  No.  372;  No.  7 A. — ^A  considerable  quantity  of  slate  and  iron 
pyrites  in  lumps  was  present  in  the  coal.  The  coal  was  of  medium 
hardness  and  contained  some  bone  coal.  It  burned  rapidly,  with  a 
long  flame,  and  caked.  The  furnace  doors  were  cracked  for  a  short 
interval  after  each  firing.  Automatic  air  admission  was  not  operated. 
The  clinker  was  easily  broken  up  and  removed. 

Test  No,  373;  No.  7 A. — ^The  coal  burned  very  rapidly,  with  a  long 
flame,  and  cracked  in  the  fire.  Automatic  air  admission  was  not 
operated.  The  furnace  doors  were  cracked  after  each  firing.  The 
fire  was  easily  handled.     The  test  was  run  to  obtain  high  capacity. 

Test  No.  374^  No.  7 A. — ^The  coal  burned  rapidly,  with  a  long 
flame,  and  caked.  Automatic  air  admission  was  not  operated.  A 
dark,  porous  clinker  formed  on  the  grate;   it  was  easily  removed. 

Test  No.  Jfi6:  No.  7B  (vxished  briqiLets). — ^The  briquets  held  together 
well  in  the  fire  and  burned  with  a  long  flame.  They  were  broken  in 
halves  before  firing.    Automatic  air  admission  was  not  operated.    A 
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small  amount  of  reddish-brown  clinker  formed  on  the  grate;  it  was 
easily  removed.     Very  little  smoke  was  made. 

Test  No.  S84;  Nos.  8 A  and  SB. — ^The  coal  contained  slate,  sulphur, 
and  gypsimi  in  large  quantities.  It  caked,  probably  due  to  the  pres- 
ence of  small  coal.  Automatic  air  admission  was  operated.  A  black, 
thin,  and  nonporous  clinker  adhered  somewhat  to  the  grate. 

Test  No.  S85;  Nos.  8 A  and  SB.— The  coal  caked  in  the  fire.  Most 
of  the  combustion  took  place  before  the  gases  left  the  mixing  walls. 
Automatic  air  admission  was  not  operated.  A  black,  thin,  and  non- 
porous  cUnker  adhered  somewhat  to  the  grate.  Pressure  was  used 
in  the  ash  pit.    The  moisture  in  the  steam  was  estimated. 

Test  No.  S88;  Nos.  8 A  and  8B  {wasJied).— The  coal  burned  quickly, 
with  a  long  yellow  flame,  and  caked.  Automatic  air  admission  was 
not  operated.  The  fire  doors  were  cracked  one  and  one-half  minute 
after  each  firing.  A  thin  layer  of  solid,  heavy,  plastic  clinker  formed 
on  the  grate;  it  was  easily  removed.  Flue^as  analysis  was 
questionable. 

Test  No.  S6S;  No.  9A. — ^The  coal  did  not  appear  to  have  been 
formed  in  layers;  it  crumbled  easily  without  showing  any  planes  of 
cleavage.  Sulphur  occurred  in  small  quantity  and  in  thin  layers 
attached  to  the  coal.  Some  slate  was  present.  The  coal  burned 
with  a  long  flame,  and  caked.  Automatic  air  admission  was  not 
operated.  A  loose  clinker  formed  on  the  grate ;  it  was  easily  removed. 
Furnace  doors  were  cracked  continuously. 

Test  No.  364;  No.  9 A. — ^The  coal  burned  with  a  long  flame,  and 
caked.  Automatic  air  admission  was  not  operated.  A  shghtly  plas- 
tic clinker,  light  in  color,  formed  on  the  grate ;  it  was  eitsily  removed. 
The  furnace  doors  were  cracked  for  one  minute  after  each  firing. 

Test  No.  366;  No.  9 A. — ^The  coal  burned  with  a  long  flame,  and 
caked.  Automatic  air  admission  was  not  operated.  The  clinker 
was  brittle  and  slightly  porous  and  was  easily  removed  from  the 
grate. 

Test  No.  393;  No.  93  {vxuihed  hriqaets). — ^The  briquets  were  hard 
and  did  not  break  when  dropped  from  a  height  of  15  feet  on  the  brick 
pavement.  All  briquets  were  fired  whole  except  the  first  two  carloads, 
which  were  broken  in  halves;  they  swelled  up  in  the  fire  and  gradu- 
ally cracked  into  small  pieces,  burning  freely  and  quickly  with  a 
long  white  flame.  The  fire  was  easUy  handled.  Automatic  air  admis- 
sion was  not  operated.  A  thin  layer  of  soUd  and  heavy  clinker,  of  a 
light-brown  color,  formed  on  the  grate;  it  was  removed  without 
much  difficulty. 

Test  No.  Ifi7;  No.  10  (washed  briquets). — One-third  of  the  observa- 
tions of  furnace  temperature  were  too  low  to  be  read  by  the  Wanner 
optical  pyrometer;  the  average  is  not  representative  of  the  test. 
The  briquets  were  broken  in  halves  before  firing;  they  did  not  crum- 
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ble  in  the  fire  and  burned  with  a  long  flame.     The  test  was  too  short 
for  reliable  results.    Automatic  air  admission  was  not  operated. 

Test  No.  4O8;  No,  10  {washed  briquets). — ^The  briquets  did  not 
crumble  in  the  fire  and  burned  with  a  long  flame.  Automatic  air 
admission  was  not  operated.  The  flue-gas  temperature  is  question- 
able.    The  test  was  too  short  for  rehable  results. 

TEXAS. 

Test  No.  291;  No.  4* — Th©  coal  burned  freely,  with  a  short  flame. 
Automatic  air  admission  was  not  operated.  A  light,  white,  free  ash 
formed  on  the  grate;  it  was  easily  removed.     Forced  draft  was  used. 

Test  No.  298;  No.  4- — ^The  coal  burned  with  a  long  flame;  the  cUnker 
was  very  porous.     Automatic  air  admission  was  not  operated. 

Test  No.  SOS;  No.  4. — ^The  coal  burned  freely,  with  a  long  flame; 
it  crumbled  into  dust  in  the  fire.  Automatic  air  admission  was  not 
operated.  Large  pieces  of  heavy  clinker  formed  on  the  grate;  they 
were  easily  removed.     The  test  was  too  short  for  rehable  results. 

UTAH. 

Test  No.  402;  No.  2  (hriqv^ts). — ^The  briquets  held  together  well  in 
the  &ce;  they  were  broken  in  halves  before  firing.  Automatic  air 
admission  was  not  operated.     The  fire  was  easily  handled. 

Test  No.  40s ;  No.  2  (briquets). — ^The  briquets  held  together  well  in 
the  fij"e.  Automatic  air  admission  was  not  operated.  The  fire  was 
easily  handled.     The  test  was  too  short  for  reliable  results. 

Test  No.  404^'  No.  2  (briquets). — ^The  briquets  burned  freely,  with 
a  medium  length  flame,  and  crumbled  badly  in  the  fire.  Automatic 
air  admission  was  not  operated.  The  fire  was  easily  handled.  Nearly 
one-half  of  the  furnace  temperature  readings  were  too  low  to  be 
recorded  by  the  Wanner  optical  pyrometer. 

VIRGINIA. 

Test  No.  281;  No.  1. — ^The  coal  burned  with  a  long  flame.  The 
clinker  was  porous.     Automatic  air  admission  was  operated. 

Test  No.  282;  No.  1. — ^The  coal  burned  rapidly,  with  a  long  flame; 
the  fine  coal  caked.  The  clinker  was  porous  and  easily  removed;  it 
contained  much  biuned  slate.  Automatic  air  admission  was  not 
operated. 

Test  No.  247;  No.  2. — ^The  coal  contained  a  small  quantity  of 
slate.  Thin  layers  of  shiny  black  coal  alternated  with  a  dull  black 
substance.  The  coal  fractiu'ed  giving  irregular  sharp  edges;  it  burned 
freely  with  a  long  flame,  and  cracked  in  the  fire.  Free  ash  and  a 
very  Uttle  clinker  formed  on  the  grate;  it  was  easily  removed.  Auto- 
matic air  admission  was  operated.  Steam  was  used  in  the  ash  pit. 
99133**— Bull.  23—12 13 
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Test  No,  251;  No.  2. — ^The  coal  burned  freely,  with  a  long  flame, 
and  cracked  in  the  fire.  Free  ash  and  a  veiy  little  porous  clinkefr 
formed  on  the  grate;  they  were  easily  removed.  Automatic  air  ad- 
mission was  operated. 

Test  No.  256;  No.  2. — Sulphur  occurred  in  the  coal  in  thin  layers. 
The  coal  burned  with  a  long  flame,  and  caked.  A  Ught  porous 
clinker  formed  on  the  grate;  it  was  easily  removed.  Automatic  air 
admission  was  operated. 

Test  No.  260;  No.  2  {washed). — ^The  coal  burned  freely,  with  a  long 
flame.  A  dark,  porous  clinker  formed  on  the  grate;  it  was  easily 
removed.    Automatic  air  admission  was  operated. 

Test  No.  280;  No.  S. — Automatic  air  admission  was  not  operated. 
The  clinker  and  refuse  were  easily  removed  from  the  furnace. 

Test  No.  28S;  No.  S. — A  thin  soUd  clinker  adhered  to  the  grate. 
Automatic  air  admission  was  operated. 

Test  No.  24O;  No.  4* — ^The  coal  contained  a  small  quantity  of  slate 
in  thin  layers  adhering  to  the  coal.  A  lai^e  quantity  of  bone  coal 
was  present.  Thin  layers  of  bright  coal,  with  metaUic  luster,  alter- 
nated with  a  dull  black  substance.  The  coal  fractured  irregularly, 
forming  sharp  edges.  It  burned  freely.  A  thin  layer  of  heavy 
cUnker  fused  into  the  grate  and  was  difSicult  to  remove.  Steam  was 
used  in  the  ash  pit.     Automatic  air  admission  was  operated. 

Test  No.  248;  No.  4- — ^The  coal  contained  a  small  quantity  of  slate. 
It  burned  freely,  with  a  long  flame,  and  cracked  in  the  fire.  Auto- 
matic air  admission  was  operated.  Steam  was  used  in  the  ash  pit. 
A  thin  layer  of  very  heavy  clinker  formed  on  the  grate;  it  was  easily 
removed.  One  hundred  and  seventy-five  pounds  of  limestone  was 
spread  over  the  grate  immediately  after  starting  the  test,  to  prevent 
clinker  from  fusing  into  the  grate  as  it  did  in  test  No.  240.  The  per 
cent  of  clinker  in  the  refuse  was  not  determinable. 

Test  No.  254;  No.  4- — The  coal  contained  small  quantities  of  slate 
gypsum,  and  calcite.  It  burned  Mdth  a  long,  yellow  flame.  Auto- 
matic air  admission  was  operated.  A  heavy,  red  clinker  formed  on 
the  grate;  it  was  easily  removed.  Two  hundred  and  eleven  pounds 
of  limestone  were  spread  on  the  grate  at  the  start  of  the  test,  to  pre- 
vent clinker  from  fusing  into  the  grate  as  it  did  in  test  No.  240. 

Test  No.  476;  No.  5 A. — ^The  coal  burned  better  with  a  high  draft. 
The  fuel  bed  required  considerable  attention.  Considerable  porous 
ash  formed  on  the  grate.  Automatic  air  admission  was  not  operated. 
Forced  draft  was  used  for  about  two  hours. 

Test  No.  482;  No.  5^.— The  coal  burned  rapidly  and  freely.  The 
fire  was  easily  handled.  Automatic  air  admission  was  not  operated. 
A  large  amount  of  loose  clinker  formed  on  the  grate;  it  was  easily 
removed.    Forced  draft  was  used. 

Test  No.  494;  No.  6B  (briquets). — ^Automatic  air  admission  was  not 
operated.     The  clinker  was  easily  removed  from  the  furnace. 
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No.  S07;  No.  6. — ^The  coal  caked  in  the  fire.  The  fuel  bed 
required  much  attention.  Steam  was  used  in  the  ash  pit.  Auto- 
matic air  admission  was  not  operated.  The  clinker  was  easily  re- 
moved.    Forced  draft  was  used. 

WASHINQTOK. 

Test  No.  £90;  No.  IB. — ^The  coal  burned  freely,  with  a  short  flame. 
Automatic  air  admission  was  operated.  A  light,  white  free  ash 
formed  on  the  grate;  it  was  easily  removed. 

Test  No.  S59;  No.  2. — The  coal  was  rather  hard;  thin  layers  of 
bright  black  coal  alternated  with  layers  of  a  dtdl  black  sul^tance. 
The  fuel  fractiu^ed  most  easily  in  planes  at  right  angles  to  the  layers 
of  structure.  Other  fractures  were  rough  and  irregular.  Sulphur 
occurred  as  iron  pyrites  in  small  quantities  in  thin  layers  well  distrib- 
uted. Slate  was  present  in  large  quantities  in  thick  layers  adhering 
to  the  coal.  Gypsum  and  calcite  occiured  in  small  quantity  in  thin, 
somewhat  transparent  flakes.  Bituminous  shale  was  visible  in  large 
quantity  in  thick  layers  (\  to  1  inch)  adhering  to  the  coal;  the  shale 
had  the  appearance  of  gray  sandstone.  The  coal  contained  an  occa- 
sional lignitic  layer.  It  burned  freely,  with  a  long  flame,  and 
cracked  in  the  fire.  The  gas  analysis  was  taken  on  one-half  of  the 
test  only,  and  was  assumed  to  represent  the  whole  test.  Automatic 
air  admission  was  not  operated.  A  thick  layer  of  Ught,  porous  clinker 
of  light-gray  color  formed  on  the  grate;  it  was  easily  removed.  The 
furnace  doors  were  cracked  for  a  short  interval  after  each  firing. 

Test  No.  S60;  No.  £. — ^The  coal  burned  freely  and  cracked  in  the 
fire.  Steam  was  used  in  the  ash  pit.  Automatic  air  admission  was 
not  operated.  A  thick  layer  of  clinker,  brown  in  color,  formed  on 
the  grate;  it  was  easily  broken  up  and  removed.  The  flue-gas 
temperature  was  estimated  for  the  heat  balance. 

Test  No.  S61;  No.  2. — ^The  coal  burned  with  a  medium-length  flame 
and  caked.  A  brittle  clinker  of  brown  color  formed  on  the  grate; 
it  was  easily  removed. 

Test  No.  4i£;  No.  2  (briquets). — ^The  briquets  held  together  well  in 
the  fire  and  burned  rapidly.  The  small  briquets  burned  better  and 
with  a  hotter  fire  than  the  large  ones.  Automatic  air  admission 
was  not  operated.  A  small  amount  of  heavy,  brittle,  slightly  porous 
clinker  of  reddish-brown  color  formed  on  tiie  grate.  The  moisture 
in  the  steam  was  estimated. 

WEST  VIRGINIA. 

Test  No.  179;  No.  IS. — ^The  coal  contained  a  small  quantity  of  free 
slate;  it  was  granular  in  structure  with  occasional  layers.  It  burned 
rapidly  and  caked.  A  thin  layer  of  loose  clinker,  dark  in  color, 
formed  on  the  grate;  it  was  easily  removed.  Automatic  air  admission 
was  operated. 
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Test  No.  180;  No.  IS.— The  coal  caked  in  the  fire.  Very  little 
clinker  was  formed  on  the  grate;  it  was  easily  removed.  Automatic 
air  admission  was  operated. 

Test  No.  178;  No.  H. — ^The  coal  burned  rapidly  and  caked  in  the 
fire.  Steam  was  used  in  the  ash  pit  during  the  afternoon.  The 
clinker  was  easily  removed  during  the  first  cleaning;  in  the  second 
cleaning  it  adhered  to  the  grate  and  was  difficult  to  remove.  Auto- 
matic air  admission  was  operated. 

Test  No.  181;  No.  H. — The  coal  burned  rapidly  and  caked.  When 
the  test  was  started  290  pounds  of  crushed  limestone  was  spread  over 
the  grate  to  prevent  the  clinker  from  melting  into  it  as  it  did  on  test 
178.  Free  ash  formed  on  the  grate;  it  was  easily  removed.  The 
percentage  of  clinker  in  the  refuse  was  not  determinable.  Automatic 
air  admission  was  operated. 

Test  No.  214;  No.  16. — The  coal  burned  slowly.  A  thick  layer  of 
heavy,  dark-gray  clinker  fused  to  the  grate;  it  was  removed  with 
difficulty.    Automatic  air  admission  was  operated. 

Test  No.  216;  No.  16. — Sulphur  occurred  in  the  coal  in  thin  layers, 
well  distributed.  A  small  quantity  of  slate  was  present.  The  coal 
caked  in  the  fire.  A  thick  layer  of  heavy,  dark-gray  clinker  formed 
on  the  grate;  it  was  easily  removed.  Steam  was  used  in  the  ash  pit. 
Automatic  air  admission  was  operated. 

Test  No.  216;  No.  16. — ^The  coal  burned  rapidly  and  caked.  A 
thick  layer  of  heavy,  dark-gray  clinker  formed  on  the  grate;  it  was 
easily  removed.  Automatic  air  admission  was  operated.  Forced 
draft  was  used. 

Test  No.  S04;  No.  ISA. — The  coal  burned  freely,  with  a  long, 
yellow  flame.  Automatic  air  admission  was  not  operated.  The 
fire  doors  were  cracked  after  each  firing.  A  thin  layer  of  black, 
heavy  clinker  formed  on  the  grate. 

Test  No.  S06;  No.  16 A. — The  coal  burned  freely,  with  a  long  flame. 
Automatic  air  admission  was  operated.  A  thin  layer  of  solid,  dark, 
heavy  clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  225;  No.  17. — The  coal  burned  rather  slowly,  with  a  short, 
white  flame,  and  caked.  The  fuel  bed  required  much  attention.  A 
thick  layer  of  heavy  clinker  of  a  light-gray  color  formed  on  the  grate; 
it  was  easily  removed.     Automatic  air  admission  was  operated. 

Test  No.  226;  No.  17. — The  coal  was  easily  broken;  when  fractured 
it  showed  small  irregular  crystalline  grains.  It  burned  with  a  short, 
white  flame  and  caked.  The  fuel  bed  required  much  attention.  A 
heavy  clinker  of  a  light-gray  color  formed  on  the  grate;  it  was  easily 
removed.     Automatic  air  admission  was  operated. 

Test  No.  230;  No.  17  (wasTied). — The  coal  burned  slowly.  A  thin 
layer  of  solid,  heavy  clinker  formed  on  the  grate ;  it  was  easily  removed. 
Automatic  air  admission  was  operated. 
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Tegi  No.  £61;  No.  18. — The  coal  burned  freely,  and  cracked  in  the 
fire.  Clinker  formed  on  the  grate;  it  was  easUy  removed.  Automatic 
air  admission  was  operated. 

Test  No.  262;  No.  18. — ^The  fire  was  easily  handled.  Automatic  air 
admission  was  operated. 

Tai  No.  286;  No.  19. — The  coal  caked  in  the  fire.  Automatic  air 
admission  was  not  operated.  A  thin  layer  of  solid,  heavy  plastic 
clinker  formed  on  the  grate;  it  was  easily  removed. 

Test  No.  289;  No.  19. — The  coal  burned  slowly  and  caked.  Steam 
iKras  used  in  the  ash  pit.  Automatic  air  admission  was  not  operated. 
A  thin  layer  of  dark,  heavy,  solid  clinker  formed  on  the  grate;  it  was 
easily  removed. 

Test  No.  SSI;  No.  19  (hriquets). — ^The  briquets  burned  freely  and 
quickly,  with  a  short  flame,  and  did  not  crumble  in  the  fire;  they 
were  broken  in  halves  before  firing.  Automatic  air  admission  was 
not  operated.  A  thin  layer  of  solid,  heavy  clinker,  of  dark-brown 
color,  formed  on  the  grate;  it  was  easUy  removed.  The  test  was  too 
short  for  reliable  results. 

Test  No.  272;  No.  20. — Slate  and  bone  coal  were  somewhat  preva- 
lent in  the  coal ;  some  clay  was  visible.  The  coal  burned  freely,  with  a 
long,  yeUow  flame.  A  light,  porous  clinker  formed  on  the  grate;  it 
was  easily  removed.     Automatic  air  admission  was  operated. 

Test  No.  27S;  No.  20. — ^The  coal  burned  freely,  with  a  long,  yellow 
flame.  A  light,  porous  clinker,  white  in  color,  formed  on  the  grate; 
it  was  easily  removed,  owing  to  the  presence  of  slate.  Automatic 
air  admission  was  operated. 

Test  No.  264;  No.  20  (washed).— The  fire  was  easily  handled. 
Automatic  air  admission  was  operated. 

Test  No.  266;  No.  20  (vxished).— The  fire  was  easily  handled. 
Automatic  air  admission  was  operated. 

Test  No.  274;  No.  21. — ^The  coal  burned  very  freely.  The  fire  was 
easily  handled.     Automatic  air  admission  was  operated. 

Test  No.  276;  No.  21.— The  fire  was  easily  handled. 

Test  No.  296;  No.  21. — ^The  coal  burned  freely  and  cracked  in  the 
fire.  The  fiire  was  easily  handled.  Automatic  air  admission  was 
operated. 

Test  No.  267;  No.  21  {v)ashed).—The  coal  burned  freely.  The  fire 
was  easily  handled.'  Automatic  air  admission  was  operated. 

Test  No.  446;  No.  22A. — ^The  coal  burned  rapidly  with  a  short 
flame.  The  fuel  bed  required  considerable  attention.  Automatic 
air  admission  was  operated.  The  test  was  run  to  obtain  high  capacity. 
Clinker  formed  on  the  grate  in  lumps;  it  was  easily  removed. 

Test  No.  447;  No.  22A.—The  coal  burned  with  a  short  flame  and 
caked.     The  fuel  bed  required  considerable  attention.    Automatic 
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air  admission  was  operated.    The  clinker  was  easily  removed  from 
the  furnace. 

Test  No.  4S4;  No.  22 A  (im«A«i).— The  coal  caked  in  the  fire.  The 
fuel  bed  required  considerable  attention.  Automatic  air  admission 
was  operated.  A  small  quantity  of  brittle,  porous  clinker  formed  on 
the  grate;  it  was  easily  removed. 

Test  No.  438;  No.  22B.— The  coal  burned  with  a  bright  flame. 
The  fire  was  easily  handled.     Automatic  air  admission  was  operated. 

Test  No.  439;  No.  23A.— The  coal  had  a  bright  luster  similar  to 
anthracite.  It  contained  a  large  amount  of  slate  and  a  small  quantitv 
of  iron  pyrites.  It  burned  rapidly  with  a  medium  flame  and  caked. 
The  lower  fire  doors  were  cracked  throughout  the  test.  Automatic 
air  admission  was  operated.  A  thin  layer  of  soUd  clinker  of  medium 
weight  formed  over  the  grate  and  adhered  to  the  side  walls;  it  was 
removed  with  some  diflBiculty. 

Test  No.  440;  No.  23 A. — ^The  coal  burned  quickly  with  a  medium- 
length  flame  and  caked.  Automatic  air  admission  was  operated. 
A  soUd  clinker  of  grayish-brown  color  formed  on  the  grate;  it  was 
broken  up  with  difficulty,  but  was  easily  removed. 

Test  No.  444>  No.  23B  (vxished). — ^The  coal  burned  with  a  long 
flame  and  caked.  The  fuel  bed  required  considerable  attention. 
Automatic  air  admission  was  operated.  A  thin,  tough,  dark-brown, 
solid  clinker,  impeding  the  air  supply,  formed  on  the  grate  and  was 
removed  with  difficulty. 

Test  No.  44^;  No.  23B  (wasJied). — ^The  coal  burned  quickly  with 
a  bright  flame  and  caked.  The  fuel  bed  required  considerable  at- 
tention. Automatic  air  admission  was  operated.  In  the  first  clean- 
ing a  thick,  brittle  clinker  formed  on  the  grate;  it  was  easily  removed. 
In  the  second  cleaning  a  thin  layer  of  clinker  of  dark-brown  color 
adhered  to  the  grate;  it  was  removed  vnih  difficulty. 

WTOIQNQ. 

Test  No.  196;  No.  23. — Slate  appeared  in  lai^e  quantity,  adher- 
ing to  the  coal.  The  coal  burned  with  a  short,  white  flame,  light, 
free  ash,  white  in  color,  formed  on  the  grate;  it  was  easily  removed. 
Automatic  air  admission  was  operated. 

Test  No.  210;  No.  2B. — A  large  quantity  of  slate  appeared  in  the 
coal  in  thin  layers,  adhering  to  the  coal.  The  coal  fractured  irregu- 
larly; it  burned  quickly  and  caked  in  the  fire.  Alight,  white  free 
ash  formed  on  the  grate.    Automatic  air  admission  was  operated. 

Test  No.  213;  No.  2B. — ^The  fire  was  easily  handled.  Automatic 
air  admission  was  not  operated.  A  very  light  ash,  of  light  color, 
formed  on  the  grate.    The  test  was  run  to  obtain  high  capacity. 

Test  No.  211;  No.  3. — ^A  large  quantity  of  sulphur  occurred  in 
thick  layers,  adhering  to  the  coal.    Much  gypsum  and  caldte  were 
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present  in  large  transparent  flakes.  A  large  quantity  of  slate  occurred 
in  thin  layers,  alternating  with  layers  of  coal.  Some  clay  was 
visible.  Tlie  coal  bume4  with  a  short,  white  flame  and  cracked  in 
the  fiire.  ^  heavy  dark-gray  clinker  adhered  slightly  to  the  grate. 
Automatic  air  admission  was  operated.  The  test  was  made  to  obtain 
maximum  efficiency. 

Test  No.  SIS;  No.  S. — ^The  coal  burned  with  a  short  white  flame. 
The  clinker  was  heavy  and  of  a  dark-gray  color.  During  the  first 
part  of  the  test  loose  clinker  formed  on  the  grate,  and  was  easily 
removed;  during  the  latter  part  of  the  test  clinker  adhered  to  the 
grate,  and  was  hard  to  remove.  Automatic  air  admission  was  not 
operated. 

Test  No.  22S;  No.  S  {vxi8hed).—T!he  coal  burned  freely,  with  a 
short,  white  flame,  and  cracked  in  the  fire.  A  thin  layer  of  dark, 
heavy  clinker  formed  on  the  grate;  it  was  easily  removed  on  first 
cleaning.  On  second  cleaning  it  adhered  somewhat  to  the  grate. 
Automatic  air  admission  was  not  operated.  Steam  was  used  in  the 
ash  pit.  The  combustion  chamber  temperature  on  this  test  was 
taken  by  pladng  a  D-shaped  body  against  the  inside  wall  of  the 
combustion  chamber.    The  temperature  readings  were  too  low. 

Test  No.  399;  No.  4- — ^The  coal  was  not  stratified  and  contained  a 
little  gypsum.  It  burned  freely  when  the  fire  was  thin.  Automatic 
air  admission  was  not  operated.     The  fire  was  easily  handled. 

Test  No.  400;  No.  6. — ^The  coal  contained  some  gypsum  and  small 
amounts  of  dirt  and  slate.  It  crumbled  badly.  The  fire  was  easily 
handled.  Automatic  air  admission  was  not  operated.  A  small 
quantity  of  porous  clinker  formed  on  the  grate. 

Test  No.  il9;  No.  6  Qmguets). — ^The  briquets  held  together  in  the 
fire;  they  burned  slowly  with  a  short  flame.  The  fire  was  easily 
handled.  Automatic  air  admission  was  not  operated.  A  5-inch 
fire  gave  much  better  results  than  a  12-inch  fire.  The  moisture  in 
the  steam  was  estimated. 

ABQBKTmA. 

Test  No.  451;  No.  1. — ^The  coal  burned  poorly.  The  fuel  bed  re- 
quired frequent  attention.  Automatic  air  admission  was  not  oper- 
ated. The  fire  was  cleaned  by  raking  out  lumps  of  clinker.  Forced 
draft  was  used. 

Test  No.  4^8;  No.  1  (washed). — One-quarter  of  the  observations 
of  furnace  temperature  were  too  low  to  be  read  by  the  Wanner  optical 
pyrometer,  llie  average  is  not  representative  of  the  test.  The 
coal  btimed  quickly.  Automatic  air  admission  was  not  operated. 
A  thick,  porous,  and  brittle  clinker  formed  on  the  grate  and  fused 
with  the  coal;  it  was  easily  removed.    Forced  draft  was  used. 
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Test  No.  486;  No.  1  (washed  hriguets). — ^The  briquets  burned  slowly 
and  did  not  break  down  in  the  fire.  Automatic  air  admission  was 
not  operated.  The  refuse  and  coal  formed  large  lumps  in  the  fur- 
nace that  were  broken  up  with  difficulty.  Forced  draft  was  used. 
The  test  was  too  short  for  reUable  results. 

BBASSEL. 

Test  No.  172;  No.  1. — ^A  small  quantity  of  sulphur  in  large  balls  and 
thick  layers  occurred  in  the  coal.  Gypsum  and  calcite  were  present 
in  thin,  opaque  flakes.  Much  slate  occurred  in  thick  layers,  adhering 
to  the  coal.  The  coal  burned  very  freely,  with  a  short,  white  flame, 
and  crumbled  in  the  fire.  light,  white,  free  ash  formed  on  the  grate; 
it  was  easily  removed.    Automatic  air  admission  was  not  operated. 

Test  No.  17S;  No.  1. — The  coal  burned  freely  with  a  short,  white 
flame,  and  crumbled  in  the  fire.  Large  pieces  of  light,  white,  free  ash 
formed  on  the  grate;  they  were  easily  removed.  Automatic  air  ad- 
mission was  not  operated.     Forced  draft  was  used. 

lOZSD   COALS. 

Test  No.  S4S. — Small  quantities  of  sulphur  and  slate  were  visible 
in  the  coal.  The  coal  bimied  freely  and  slowly,  with  a  long,  yellow 
flame.  Automatic  air  admission  was  operated.  The  jclinker  was 
solid,  heavy,  and  plastic  in  the  fire.  In  the  first  cleaning  a  thick 
layer  of  loose  clinker  formed  on  the  grate;  it  was  easily  removed.  In 
the  second  cleaning,  plastic  clinker  fused  over  the  grate  and  was  re- 
moved with  difficulty. 

Test  No.  347. — ^The  coal  burned  freely,  with  a  long  flame,  although 
the  presence  of  snow  retarded  its  quick  ignition.  Automatic  air  ad- 
mission was  operated.  A  fragile  clinker,  dark  in  color,  formed  over 
the  grate;  it  was  easily  removed.  The  test  was  run  to  obtain  high 
capacity. 

Test  No.  SBl. — ^The  coal  burned  freely  and  slowly  with  a  long 
flame.  Automatic  air  admission  was  operated.  A  thick  layer  of 
loose,  light,  porous  clinker  formed  on  the  gate;  it  was  easily  removed* 
The  test  was  nm  to  obtain  high  capacity. 

Test  No.  S62. — One-third  of  the  observations  of  furnace  tempera- 
ture were  too  low  to  be  read  by  the  Wanner  optical  pjrrometer;  the 
average  is  not  representative  of  the  test.  The  coal  burned  freely 
and  slowly  with  a  long  flame.  The  furnace  doors  were  cracked  for 
two  minutes  after  each  firing.  Automatic  air  admission  was  not 
operated.  A  thick  layer  of  plastic  and  somewhat  porous  clinker 
formed  on  the  grate;  it  was  easily  removed. 

Test  No.  366. — The  coal  burned  so  quickly  that  it  was  necessary 
to  fire  by  the  spreading  method.  Steam  was  used  in  the  ash  pit 
just  before  cleaning.    Automatic  air  admission  was  not  operated. 
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The  furnace  doors  were  cracked  for  one  and  one-half  minutes  af tfOr 
each  filing.  A  heavy,  plastic  clinker  formed  on  the  grate;  it  was 
easily  removed.     The  test  was  too  short  for  reliable  results. 

Test  No,  S70. — ^The  coal  burned  with  a  short  flame  and  caked. 
Automatic  air  admission  was  not  operated.  A  black,  porous,  plastic 
clinker  formed  on  the  grate;  it  was  easily  removed.  The  test  was 
too  short  for  reliable  results. 

Test  No.  S71, — The  coal  burned  with  a  short  flame  and  caked. 
Automatic  air  admission  was  not  operated.  A  black,  plastic  clinker 
fonned  on  the  grate;  it  was  easily  removed.  The  furnace  tempera^ 
ture  was  too  low  to  be  read  by  the  Wanner  optical  pyrometer.  The 
combustion  chamber  was  a  faint  red  at  all  times.  The  test  was  too 
short  for  reliable  results. 

PENNSYLVANIA  AND   VIBGINIA. 

Tai  No.  24B;  one-4hird  Pennsylvania  No.  8  dried  and  two4hirds 
Virginia  No.  4- — Gypsum,  calcite,  and  bone  coal  occurred  in  the  coal 
m  small  quantities.  A  little  slate  was  present.  The  coal  burned 
with  a  long,  yellow  flame  and  caked.  A  solid  clinker  formed  over 
the  grate;  it  was  easily  removed.  Automatic  air  admission  was 
operated.     The  boiler  was  fired  only  two  hours  before  starting  the 

test. 

* 

UTAH   AND  RHODE   ISLAND. 

Test  No.  4H  (jbrigpiets). — One-quarter  of  the  observations  of  fur- 
nace temperature  were  too  low  to  be  read  by  the  Wanner  optical 
pjTometer;  the  average  is  not  representative  of  the  test.  The 
briquets  did  not  crumble  in  the  fire  and  burned  with  a  short  flame.* 
Automatic  air  admission  was  not  operated.  A  heavy  layer  of  plastic 
clinker  formed  on  the  grate;  it  was  broken  with  some  difficulty. 

Test  No.  4I6  (briquets). — ^The  briquets  did  not  crumble  in  the  fire 
and  burned  with  a  short  flame.  Automatic  air  admission  was  not 
operated.  A  heavy  layer  of  plastic  clinker  formed  on  the  grate;  it 
was  broken  with  some  difficulty.     Forced  draft  was  used. 

Test  No.  4I6  (firiquets). — ^The  briquets  crumbled  in  the  fire,  did 
not  cake,  and  burned  with  a  long  flame.  Automatic  air  admission 
was  not  operated.  A  large  amount  of  free  ash  formed  on  the  grate; 
it  was  easily  removed.     Forced  draft  was  ubed. 

SPECIAL  TS8T8. 
ILLINOIS. 

Test  No.  BOO  {CoVmsville). — The  coal  burned  with  a  long  flame  and 
caked.  Automatic  air  admission  was  not  operated.  A  solid,  plastic 
clinker  formed  over  the  grate;  it  was  removed  with  some  difficulty. 
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The  average  thickness  of  the  incandescent  fuel  bed  was  about  3 
inches. 

Test  No.  601  (CoUinsviUe). — ^The  coal  burned  with  a  long  flame. 
Automatic  air  admission  was  not  operated.  The  average  thickness 
of  the  incandescent  fuel  bed  was  about  3  inches.  The  fire  was 
easily  handled. 

Test  No.  502  (CoUinsviUe). — ^Forced  draft  was  necessary  to  keep 
the  fire  hot  after  clinker  formed.  Automatic  air  admission  was  not 
operated.     The  fire  required  frequent  cleaning. 

Test  No.  BOS  (CoUinsviUe). — ^The  lower  furnace  doors  wore  cracked 
continuously.  Automatic  air  admission  was  not  operated.  The 
fire  required  frequent  cleaning.     The  load  was  very  uniform. 

Test  No.  604  (CoUin^sviUe). — The  furnace  doors  were  cracked  con- 
tinuously. Automatic  air  admission  was  not  operated.  The  aver- 
age thickness  of  the  incandescent  fuel  bed  was  about  3  inches.  The 
fire  was  easily  handled. 

Test  No.  606  (CoUinsviUe). — ^Automatic  air  admission  was  not 
operated.  The  furnace  was  very  hot.  The  fire  was  easily  handled. 
The  average  thickness  of  the  incandescent  fuel  bed  was  about  3 
inches.     Forced  draft  was  used. 

Test  No.  617  (CoUinsviUe). — ^Automatic  air  admission  was  not 
operated.     The  fire  required  frequent  cleaning. 

WASHKBT  BEFUSE. 

Test  No.  479. — ^Automatic  air  admission  was  not  operated.  A 
brittle  clinker  formed  on  the  grate;  it  was  easily  removed.  The  fire 
was  cleaned  every  hour.     Forced  draft  was  used. 

nZED   COKE. 

Test  No.  619. — The  average  thickness  of  the  incandescent  fuel  bed 
was  5  inches.  Automatic  air  admission  was  not  operated.  The 
fire  was  easily  handled.     Forced  draft  was  used. 


PART  II. 

STUDY   AND   DISCUSSION   OF    STEAMING   TESTS    MADE 

AT  THE  FUEL  -  TESTING  PLANT. 

INTRODUCTION. 

The  steaming  tests  described  in  the  first  part  of  this  bulletin  comr 
prise  without  doubt  the  largest  number  of  boiler  trials  with  com- 
plete series  of  observations  ever  made  with  one  type  of  boiler  under 
practically  similar  conditions.  These  features  make  the  tests  pecul- 
iarly fitted  for  analytical  study  and  for  comparison  of  results.  Of 
course  when  any  such  comparisons  are  made,  each  test  must  be 
examined  in  detail  as  to  the  conditions  under  which  it  was  conducted 
and  the  character  of  the  coal.  In  determining  what  tests  may  be 
used  in  any  comparison,  a  great  deal  depends  on  the  basis  on  which 
the  comparison  is  to  be  made. 

The  authors'  familiarity  with  the  details  of  the  tests  renders  them 
particularly  well  fitted  to  make  comparisons  of  the  results  of  the  tests 
and  to  draw  deductions.  Therefore  they  have  made  a  study  of  the 
tests.  In  this  study  they  have  made  numerous  comparisons  and 
arrived  at  some  rational  conclusions.  Their  methods  of  study  and 
the  conclusions  which  they  draw  are  presented  as  a  part  of  tliis  bulle- 
tin, in  the  belief  that  they  will  prove  of  value  to  the  practical  steam 
engineer.  The  reader  should  keep  constantly  in  mind  that  the  con- 
clusions are  mostly  drawn  from  the  results  of  the  tests  that  were 
made  with  a  hand-fired  furnace,  and  that  they  apply  directly  to 
similar  hand-fired  furnaces.  When  applied  to  other  furnaces  some 
modifications  are  necessary,  although  the  fimdamental  principles 
imderlying  these  deductions  hold  true  for  all  furnaces. 

PARTS  OF  A  STEAM-OENERATINO  APPARATUS,   THEIR 

FUNCTIONS  AND  EFFICIENCIES. 

A  steam-generating  apparatus  is  a  device  in  which  the  heat  devel- 
oped by  the  combustion  of  any  fuel  is  utilized  to  evaporate  water 
contained  in  a  closed  metallic  vessel  called  the  boiler.  The  effec- 
tiveness or  the  efiiiciency  of  the  steam-generating  apparatus  is  meas- 
ured by  the  ratio  of  the  heat  that  is  absorbed  in  heating  and  evapo- 
rating the  water  to  the  total  heating  value  of  the  fuel  delivered 
to  the  apparatus.  The  heating  value  of  the  fuel  is  computed  from 
a  determination  in  a  bomb  calorimeter.    The  ratio  of  the  heat  ab- 
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sorbed  by  the  boiler  to  the  heat  contained  in  the  fuel  delivered  to  the 
apparatus  is  called  the  over-all  efficiency  of  the  steam-generating 
apparatus;  and  is  the  item  in  which  the  user  of  the  apparatus,  or  the 
man  who  pays  the  coal  bill,  is  most  interested.  The  student  of 
steaming  tests,  however,  is  not  satisfied  with  such  general  informa- 
tion, and  if  this  over-all  efficiency  is  low  he  analyzes  the  data  and  the 
results  of  the  test  and  endeavors  to  ascertain  which  part  of  the  appa- 
ratus is  to  be  blamed  for  poor  economic  results.  He  therefore  sepa- 
rates the  apparatus  into  its  component  parts  and  studies  the  func- 
tions of  each  apart  from  the  others. 

THE  FT7BNACE   AND  BOILEB. 

Any  steam-generating  apparatus  consists  essentially  of  two  parts — 


the  furnace  and  the  boiler.  Each  of  these  two  parts  has  definite 
functions,  which  it  performs  with  a  certain  completeness  or  efficiency. 
The  functions  of  the  two  parts  are  very  different  in  character;  that 
of  the  furnace  is  to  liberate  the  potential  energy  of  the  fuel  and  that  of 
the  boiler  to  absorb  the  heat  which  the  furnace  has  liberated.  The 
furnace  is  the  heat  generator  and  the  boiler  the  heat  absorber. 
According  to  these  statements  the  furnace  can  be  defined  as  the  part 
(or  parts)  of  the  steam-generating  apparatus  that  changes  the  poten- 
tial energy  of  the  fuel  into  heat.  Thus  the  grate  or  stoker,  the  com- 
bustion space,  the  gas-mixing  structure,  or  any  other  part  of  the  appa* 
ratus  that  aids  in  the  combustion  of  the  fuel  is  a  part  of  the  furnace. 
The  boiler  is  the  iron  vessel  that  contains  the  water  and  the  steam, 
and  absorbs  the  heat  Uberated  by  the  furnace.  The  boiler  can 
not  receive  any  of  the  potential  energy  from  the  fuel  unless  this 
energy  is  first  changed  into  heat.  Therefore  the  efficiency  of  the 
steam-generating  apparatus  depends  directly  on  how  completely  the 
furnace  changes  the  potential  energy  of  the  fuel  into  heat;  in  other 
words,  how  completely  the  furnace  burns  the  fuel. 

FT7BNACE   AND  BOUiBB  EFFICIBNCIBS. 

From  the  above  statement  of  the  function  of  the  furnace,  the  furnace 
efficiency  might  be  defined  as  the  ratio  of  the  heat  developed  in  the 
fiu'nace  to  the  heat  value  of  the  fuel  burned.  This,  however,  would 
not  be  a  logical  definition  of  the  furnace  efficiency,  as  will  be  shown 
later,  and  therefore  this  ratio  is  called  the  percentage  of  completeness 
of  combustion. 

Similarly  the  boiler  efficiency  might  be  defined  as  the  ratio  of  the 
heat  absorbed  by  the  boiler  to  the  heat  evolved  in  the  furnace.  This 
definition,  however,  is  not  fair  to  the  boiler,  inasmuch  as  it  does 
not  give  the  ability  of  the  boiler  to  absorb  the  heat,  but  merely  shows 
how  much  of  the  heat  developed  in  the  furnace  was  utilized  in  making 
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steam.     One  may,  therefore,  call  it  the  percentage  of  completeness 
of  heat  utilization. 

When  the  completeness  of  combustion  and  the  completeness  of 
heat  utilization  are  multiplied  together,  both  being  expressed  as 
percentages,  the  product  is  the  over-all  efficiency  of  the  steam-gener- 
ating apparatus. 

After  the  heat  has  been  liberated  from  the  fuel  it  is  contained 
partly  in  hot,  burning  fuel,  but  mostly  in  the  gaseous  products  of 
combustion.  From  the  hot  fuel  the  heat  is  radiated  to  the  boiler 
and  to  other  surrounding  colder  objects.  The  gaseous  products  of 
combustion  pass  over  the  heating  plates  of  the  boiler  and  impart  heat 
to  them.  Now,  as  heat  flows  from  any  hot  body  only  to  bodies  at 
lower  temperatures,  the  heating  plates  of  the  boiler  can  absorb  only 
that  part  of  the  heat  in  the  gases  which  is  at  higher  temperature 
than  the  plates  themselves.  In  other  words,  the  boiler  at  the  best 
can  cool  the  gases  only  to  its  own  temperature.  Inasmuch  as  boilers 
are  operated  at  temperatures  ranging  from  325°  to  425°  F.,  and  higher, 
a  considerable  quantity  of  the  heat  in  the  gases  may  be  below  the 
temperature  of  the  boiler  and  therefore  not  available  for  absorption, ' 
reducing  by  the  same  amount  the  quantity  of  heat  that  the  boiler 
can  absorb.  It  is  reasonable  to  expect  that,  when  the  quantity  of 
heat  available  for  the  boiler  is  smaller,  the  latter  will  absorb  propor- 
tionately a  smaller  quantity,  and  that  consequently  the  over-all 
efficiency  of  the  steam-generating  apparatus  will  be  lower. 

The  quantity  of  heat  that  is  not  available  for  absorption  on 
account  of  being  below  the  temperature  of  the  heating  plates  of  the 
boiler  increases  directly  with  the  weight  of  the  products  of  combus- 
tion per  pound  of  combustible,  and  this  weight  in  tmn  increases 
almost  directly  with  the  air  supply.  The  nature  of  the  process 
of  heat  generation  is  such  that  part  of  the  heat  generated  is  neces- 
sarily below  the  temperature  of  the  boiler  plates ;  however,  this  part 
of  the  xmavailable  heat  should  be  made  as  small  as  practicable 
by  reducing  the  air  supply.  It  is  apparent  that  if  the  boiler  is  to 
receive  any  of  the  heat  stored  in  the  coal  this  heat  must  be  not  only 
first  developed  in  the  furnace,  but  it  must  be  delivered  to  the  boiler 
at  sufficiently  high  temperature  to  flow  into  the  boiler  plates.  This 
latter  requirement  is  another  factor  entering  into  the  effectiveness  of 
the  furnace.  Thus  it  can  be  seen  that  there  are  two  factors  governing 
the  effectiveness  or  the  efficiency  of  the  furnace,  namely,  complete- 
ness of  combustion  and  high  temperature.  We  can  have  abso- 
lutely complete  combustion,  but  if  the  weight  of  the  products  of  com- 
bustion is  so  large  that  the  resulting  temperature  is  low  the  greater 
part  of  the  heat  may  be  below  the  temperature  of  the  boiler  and  only 
a  small  quantity  may  be  available  for  absorption.  On  the  other  hand, 
the  air  supply  may  be  so  reduced  that  a  large  part  of  the  heat  in  the 
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fuel  will  not  be  developed  and  therefore  will  not  be  available  for  the 
boiler.  Thus,  although  the  quantity  of  heat  below  the  temperature 
of  the  boiler  is  small,  the  total  heat  developed  by  the  combustion  is  so 
reduced  that  only  a  comparatively  small  quantity  of  the  potential 
heat  in  the  coal  is  made  available  for  the  boiler,  and  therefore  a  pro- 
portionately smaller  quantity  is  absorbed  by  it.  It  is  difficult  to 
define  the  efficiency  of  the  furnace  so  that  both  of  the  factors  may 
be  correctly  included  and  at  the  same  time  make  the  definition'appli- 
cable  to  all  steam  pressures. 

Perhaps  the  furnace  efficiency  would  be  most  logically  defined  as 
the  ratio  of  the  heat  made  available  for  the  boiler  to  the  potential 
heat  in  the  fuel  used  up  by  the  furnace.  The  heat  available  for  the 
boiler  is  that  portion  of  the  heat  in  the  gases  that  would  have  to 
be  abstracted  to  bring  their  temperature  down  to  the  temperature 
of  the  steam  in  the  boiler.  The  furnace  efficiency  just  defined  would 
never  reach  unity  unless  the  fuel  and  the  air  necessary  for  combus- 
tion were  delivered  to  the  furnace  at  the  temperature  of  the  boiler 
water.  Such  an  efficiency  statement,  however,  indicates  the  rela- 
tive effectiveness  of  the  furnace  with  fair  accuracy  when  the  steam 
pressure  is  constant.  With  variable  steam  pressures  the  same  fur- 
nace performance  would  be  expressed  by  varying  figures. 

A  boiler  efficiency  corresponding  to  that  of  the  furnace  efficiency 
discussed  in  the  preceding  paragraph  can  be  defined  as  the  ratio  of 
the  heat  absorbed  by  the  boiler  to  the  heat  available  for  absorption. 
This  boiler  efficiency  is  the  true  measure  of  the  capacity  of  the  boiler 
to  absorb  heat.  It  has  been  defined  in  United  States  Geological 
Survey  Bulletin  No.  325  and  in  Bureau  of  Mines  Bulletin  No.  18,  (in 
course  of  publication)  and  called  the  true  boiler  efficiency.  The  true 
boiler  efficiency  multiplied  by  the  furnace  efficiency  gives  the  over-all 
efficiency  of  the  steam-generating  apparatus. 

The  furnace  may  be  further  subdivided  into  its  parts  and  the 
function  and  the  efficiency  of  each  of  the  parts  separately  defined. 
Thus  we  can  resolve  the  furnace  into  the  grate  and  the  combustion 
space. 

The  grate  is  the  metallic  structure  supporting  the  fuel  bed.  Its 
function,  besides  the  holding  of  the  fuel  bed,  seems  to  be  to  gasify  the 
combustible  of  tne  fuel  either  by  complete  or  partial  combustion  and 
to  allow  the  ashes  to  fall  through  after  the  combustible  has  been 
burned  from  the  fuel.  The  efficiency  of  the  grate  may  be  defined  as 
the  ratio  of  the  heat  of  the  combustible  ascending  into  the  com- 
bustion space,  in  whatever  form,  to  the  heat  of  the  fuel  fired  upon  the 
grate.  The  difference  between  these  two  heats  is  the  heat  value  of 
the  combustible  that  has  fallen  through  the  grate  or  has  been  removed 
with  the  clinkers  through  the  furnace  door.  The  combustible  lost 
in  the  ashes  or  clinker  reduces  the  efficiency  of  the  grate.    A  grate 
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with  100  per  cent  efficiency  would  be  one  that  would  allow  the 
ashes  to  fall  through  without  allowing  any  combustible  to  fall  through 
with  them. 

The  combustion  space  of  a  boiler  furnace  is  all  the  space  above 
the  fuel  bed  and  continues  back  of  the  bridge  wall  to  the  place  where 
the  gases  enter  the  boiler;  it  includes  the  tile  roof,  ignition  arches, 
and  all  the  gas-mixing  structures.  Its  function  is  to  bum  the  com- 
bustible ascending  from  the  grate  in  whatever  form  it  may  be.  The 
gases  leaving  the  fuel  bed  are  rich  in  combustible  gas,  particularly  in 
the  case  of  the  hand-fired  furnace,  as  shown  by  the  gas  analyses  on 
page  282,  so  that  most  of  the  combustion  of  the  fuel  occurs  in  the 
space  after  air  has  been  added  to  the  gases.  The  efficiency  of  the  com- 
bustion space  may  be  defined  as  the  ratio  of  the  heat  made  available 
for  the  boiler  to  the  heat  equivalent  of  the  combustible  ascending 
from  the  grate. 

Further  subdivision  of  the  furnace  and  boiler  parts  and  the  defining 
of  their  efficiency  would  have  hardly  any  practical  or  scientific  value. 
ThefoDowing  efficiencies  have  been  defined: 

(a)  Over-all  efficiency  of  the  steam-generating  apparatus = 

Heat  absorbed  by  the  boiler 


Heat  value  of  coal  fired  upon  the  grate 

(5)  Percentage  of  completeness  of  combustion = 

Heat  developed  in  the  furnace 
Heat  value  of  coal  fired  upon  the  grate 

(c)  Percentage  of  completeness  of  heat  utilization = 

Heat  absorbed  by  the  boiler 
Heat  developed  in  the  furnace 

(d)  Furnace  efficiency = 

Heat  made  available  for  absorption  by  the  boiler 
Heat  value  of  coal  fired  upon  the  grate 

(e)  Efficiency  of  grate = 

Heat  value  of  combustible  ascending  from  the  grate 
Heat  value  of  coal  fired  upon  the  grate 

if)  Efficiency  of  combustion  space  = 

Heat  made  available  for  absorption  by  the  boiler 
Heat  value  of  combustible  ascending  from  the  grate 

{g)  True  boiler  efficiency  = 

Heat  absorbed  by  the  boiler 

Heat  available  for  absorption  by  the  boiler 
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Of  these  six  ratios,  those  given  under  (a),  (d),  and  (g)  are  perhaps 
the  most  important.  Only  those  given  under  (a)  and  (e)  can  be 
obtained  accurately;  the  others  can  be  found  only  approximately. 
By  multiplying  or  dividing  these  ratios  various  combinations  can  be 
obtained;  thus 

(d)  =  Wx(/); 

(a)^{e)xif)X(g); 

(a)  =  (b)  X  (c) ; 

The  last  ratio  is  given  in  Table  4,  in  columns  80  and  81,  where  it 
is  denoted  as  efficiency  of  the  boiler.  This  notation  has  been  given 
to  it  in  accordance  with  the  code  of  the  American  Society  of  Mechani- 
cal Engineers,  although  in  reality  it  is  the  combined  efficiency  of  the 
combustion  space  and  the  boiler.  The  ratio  under  (a),  which  has 
been  called  the  over-all  efficiency  of  the  steam-generating  appara- 
tus, is  given  in  column  82  of  Table  4,  where  it  is  denoted  as  efficiency 
of  boiler,  including  grate.  The  efficiency  of  the  grate  can  be  obtained 
by  dividing  column  82  by  column  81.  For  most  of  the  tests  the 
other  efficiencies  above  defined  can  be  computed  approximately 
from  analyses  of  the  flue  gas  and  the  coal,  the  heat  value  of  the  coal 
burned,  the  total  heat  absorbed  by  the  boiler,  and  the  temperature 
of  the  flue  gases. 

KEIiATIONS  OF  TEST  DATA  TO  RESULTS  OP  TESTS. 

This  chapter  is  partly  a  study  of  the  relations  between  the  observed 
test  data  themselves,  but  mostly  a  study  of  the  computed  economic 
results  as  affected  by  the  variation  of  the  more  important  data. 
The  study  is  chiefly  made  by  means  of  curves  made  by  platting  the 
averages  of  one  set  of  observations  against  some  other  set  of  obser- 
vations or  against  the  computed  results.  In  some  charts  the  aver- 
ages of  the  individual  tests  are  platted  directly,  but  in  most  cases 
these  averages  are  classified  in  groups  and  the  average  of  the  whole 
group  is  platted  against  similar  averages  of  some  other  data  of  the 
group.  The  discussion  and  charts  are  intended  to  show  "general 
relations  to  which,  of  course,  there  are  necessarily  some  exceptions. 
However,  it  is  perhaps  the  establishment  of  these  general  relations 
that  has  the  most  permanent  value  for  the  practical  engineer. 

The  capacity  and  the  efficiency  are  the  most  important  items  of 
steaming  tests,  because  they  are  the  measure  of  the  output  and  the 
economy  of  a  steaming  apparatus.  NaturaUy  one's  first  questions 
are:  How  much  work  can  a  certain  device  do?  and.  At  what  cost 
does  the  device  do  the  work  ?  Therefore,  the  study  of  the  steaming 
tests  centers  about  these  two  items — capacity  and  efficiency.     Other 
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items  are  studied  only  with  the  object  of  obtaining  information  as 
to  why  the  capacity  or  efficiency  is  high  or  low.  If  the  causes  of 
low  results  are  known,  these  causes  can  be  removed  and  the  results 
improved.  In  a  study  of  the  present  series  of  steaming  tests  one 
has  these  three  questions  to  guide  him:  How  much  work  is  done? 
How  well  is  it  done?  and,  Why  is  it  done  well  or  poorly? 

EFFECT  OF  BATE  OF  COXHTJSTION  ON  BBSXTLTS  OF  TESTS. 

EFPEOT  OF  RATE  OF  COMBUSTION  ON  THE  CAPACITY  AND  EFFICIENCY 

OF  STEAM-GENERATING  APPARATUS. 

It  is  an  every-day  experience  that  an  increase  in  the  rate  of  com- 
bustion increases  the  capacity  of  a  boiler,  although  not  quite  in  the 
same  proportion,  inasmuch  as  the  efficiency  of  the  steam-generating 
apparatus  drops  somewhat.  That  such  relations  should  exist  is 
obvious.  When  more  coal  is  burned  in  the  furnace,  more  heat  is 
evolved  and  delivered  to  the  boiler,  and  the  latter  absorbs  a  larger 
quantity  of  heat.  At  the  same  time,  however,  when  the  combus- 
tion space  is  burning  an  increasing  quantity  of  gaseous  combustible, 
the  percentage  of  completeness  of  combustion  is  becoming  less.  The 
boiler  has  also  more  heat  to  absorb,  with  the  result  that  it  does  this 
somewhat  less  completely.  For  these  reasons  the  efficiency  of  the 
steam-generating  apparatus  drops  slightly  when  the  rate  of  com- 
bustion increases. 

How  the  rate  of  combustion  affects  the  capacity  and  the  efficiency 
is  shown  in  figure  17. 

In  the  preparation  of  this  figure  only  tests  made  on  boilers  Nos.  1 
and  2  were  used,  inasmuch  as  these  two  boilers  were  very  nearly  alike 
and  the  conditions  under  which  the  tests  were  made  were  the  same. 
The  tests  were  classified  into  groups  according  to  rate  of  combustion. 
Thus  the  tests  with  a  rate  of  combustion  between  14  and  15  pounds 
per  hour  were  all  put  into  one  group,  tests  with  a  rate  of  combustion 
between  15  and  16  pounds  per  hour  into  another  group,  and  so  on 
until  the  entire  range  of  rate  of  combustion  was  covered.  The 
capacities  and  the  efficiencies  of  each  group  were  averaged  and  these 
averages  (arithmetic)  were  platted  against  the  rate  of  combustion 
that  each  group  represented.  Through  the  points  thus  obtained  a 
smooth  curve  was  drawn.  The  figures  in  the  circles  representing  the 
capacity  points  indicate  the  number  of  tests  contained  in  each  group. 
The  same  method  as  here  described  was  employed  in  the  preparation 
of  all  other  charts  in  which  the  tests  are  arranged  in  groups. 

The  efficiency  used  in  the  compilation  of  this  and  most  of  the  other 
charts  in  this  bulletin  is  the  combined  efficiency  of  the  combustion 
space  and  the  boiler  and  not  the  over-all  efficiency.  It  is  the  efficiency 
given  in  column  81  of  Table  4,  and  does  not  take  into  account  the 
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effect  of  the  grate.  In  the  code  of  the  American  Society  of  Mechanical 
Engineers  it  is  designated  as  the  "efficiency  of  boiler."  The  reason 
for  selecting  this  value  rather  than  the  over-all  efficiency  given  in 
column  82  is  that  the  two  boilers  were  equipped  with  different  grates, 
and  therefore  it  was  thought  best  to  eliminate  the  effect  of  the  grate 
when  comparing  efficiency. 

The  upper  curve  of  figure  17  shows  that  the  capacity  rises  as  the 
rate  of  combustion  increases,  although  not  in  the  same  proportion. 
Thus  when  the  rate  of  combustion  is  16  pounds  per  hour  the  capacity 
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Figure  17.— Ounces  showing  the  effect  of  rate  of  combiistion  on  the  capacity  and  efQdencr  of  steain> 
generating  apparatus.  Curve  No.  1  shows  the  effect  on  capacity  and  curve  No.  2  shows  tne  effect  on 
efTiciency.   Tests  made  on  boilers  Nos.  1  and  2. 

is  about  82  per  cent,  and  when  the  rate  of  combustion  is  24  pounds 
per  hour  the  capacity  is  105  per  cent,  whereas  it  would  be  123  per 
cent  if  it  increased  in  proportion  to  the  rate  of  combustion.  The 
failure  of  the  capacity  to  keep  up  with  the  rate  of  combustion  is  not 
due  entirely  to  the  drop  in  efficiency  of  the  apparatus.  As  shown  in 
the  lower  curve,  the  same  increase  in  the  rate  of  combustion  causes  the 
efficiency  to  drop  from  70  to  65.4  per  cent,  or  only  about  4.5  per  cent, 
which  is  not  sufficient  to  account  for  the  shortage  in  the  capacity. 
Undoubtedly  the  main  cause  of  the  capacity  not  being  more  nearly 
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proportional  to  the  rate  of  combustion  is  the  fact  that  coals  of  high 
heating  value  are  usually  high  in  fixed  carbon,  and  on  that  account 
are  slow  burning.  Therefore  these  coals  predominate  at  the  left  of  the 
chart,  whereas  the  low-grade  western  coals,  which  bum  very  quickly, 
predominate  at  the  right  of  the  chart.  This  fact  may  also  cause  the 
efficiency  curve  to  drop  more  with  the  rate  of  combustion  than  it 
would  if  all  the  tests  were  made  with  the  same  coal.  As  suggested 
at  the  outset  of  this  discussion,  the  drop  in  efficiency  at  the  right  of 
figure  17  is  due  to  two  causes,  namely,  incomplete  combustion  of  the 
combustible  in  the  combustion  space,  and  incomplete  heat  absorption 
by  the  boiler.  These  two  causes  are  discussed  more  fully  in  connec- 
tion with  figures  37,  38,  39,  40,  and  44,  and  also  under  the  headings 
on  the  fundamental  principles  of  combustion  and  of  heat  transmission. 
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Figure  18.— Curve  showing  the  effect  of  rate  of  combustion  on  the  temperature  in  the  rear  of  the  com- 
bustion chamber. 


EFFECT  OP  RATE  OF  COMBUSTION"  ON"  THE  COMBUSTION-CUAMBER 

TEMPERATURE. 

Figure  18  has  been  prepared  from  the  same  groups  of  tests  as 
figure  17,  to  show  the  eflFect  of  rate  of  combustion  on  the  tempera- 
ture in  the  rear  of  the  combustion  chamber.  The  temperatmre  was 
measured  near  the  point  where  the  products  of  combustion  enter  the 
space  among  the  tubes  of  the  boiler.  It  would  seem  that  the  tile 
roof  of  the  furnace  prevents  the  abstraction  of  heat  from  the  gases 
before  the  latter  reach  this  point  and  that  their  temperature  at  this 
point  should  be  the  initial  temperature  resulting  from  the  combustion 
of  the  fuel.  If  such  were  the  case  the  temperature  in  the  rear  of  the 
combustion  chamber  would  depend  only  on  the  air  supply,  the  heat 
value  of  the  fuel,  and  the  speci^c  heat  of  the  products  of  combustion; 
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FlouBB  10.— Curves  showing  tlM  effect  of  rate  of  oombustloii  on:  Pounds  of  diy  QhimneF  pwas  per  pooad 
of  "combustible"  (No.  1);  flue^gas  temperature  (No.  2);  heat  loss  In  dry  chimney  gases  plus  radiatloo 
and  unaoooonted-for  losses  (No.  8);  heat  loss  In  dry  chimney  gaaes  (No.  4);  ndiation  and  miao* 
OQUAted-for loflsee  (No.  5);  beat  loaUn  CO  (No.  d). 
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in  other  words,  it  would  vary  only  with  the  air  supply  and  the  nature 
of  the  coal.  HoweyeTi  numerous  observations  of  the  temperature 
have  shown  that  the  latter  varies  considerably  with  the  rate  of  com* 
bustion.  Figure  18  also  shows  that  the  combustion-chamber  tem- 
perature rises  decidedly  with  the  increasing  rate  of  combustion,  not- 
withstanding the  fact  that  the  better  coals  may  predominate  at  the 
left  of  the  figure,  which  would  tend  to  raise  the  temperature  at  the 
low  rates  of  combustion. 

Although  the  furnace  roof  is  made  of  tiles  of  fire  clay,  a  material 
that  is  a  poor  conductor  of  heat,  the  path  of  the  products  of  combus- 
tion along  the  roof  is  so  long  that  considerable  heat  is  abstracted 
from  the  gases  by  the  tile  roof  before  they  reach  the  tubes  of  the 
boiler.  Now,  since  the  good  coals  are  high  in  fibced  carbon  they 
bum  almost  completely  on  the  grate,  so  that,  although  the  temper- 
ature of  the  products  of  combustion  near  the  grate  may  be  high, 
by  the  time  the  gases  reach  the  rear  of  the  combustion  chamber  their 
temperature  is  reduced  considerably  by  the  abstraction  of  heat  by 
the  tile  roof.  On  the  other  hand,  most  of  the  low-grade  coals  are 
hi^  in  volatile  combustible,  which  bums  in  the  combustion  space 
after  it  has  left  the  fuel  bed,  so  that  the  combustion  is  completed 
farther  away  from  the  grate  and  nearer  to  the  combustion  chamber. 
On  account  of  the  shorter  path  of  the  gases  to  the  place  where  the 
temperature  is  measured  less  heat  is  abstracted  from  them,  and 
consequently  their  temperature  is  higher  when  they  pass  among  the 
boiler  tubes.  It  is  obvious  that,  since  at  higher  rates  of  combustion 
more  volatile  combustible  is  distilled  from  the  fuel  bed  and  has  to  be 
burnt  in  the  combustion  space,  the  point  of  complete  combustion 
moves  nearer  the  rear  of  the  combustion  chamber  and  raises  the  tem- 
perature at  that  point.  Complete  combustion  here  does  not  mean  the 
absolute  oxidation  of  all  the  combustible,  as  this  is  really  never 
attained;  it  means  rather  the  conditions  following  the  very  active 
combustion  resulting  from  the  admixture  of  air  with  the  volatile 
combustible.  The  rate  of  combustion  may  be  so  increased  that  very 
active  combustion  of  the  volatile  matter  may  take  place  in  the  rear 
of  the  combustion  chamber,  in  which  case  the  temperature  at  that 
place  would  be  at  its  maximum.  If  the  rate  of  combustion  was  still 
further  increased  some  of  the  volatile  combustible  would  pass  out  of 
the  furnace  unbumt.  Thus  we  can  see  why,  in  general,  the  com- 
bustion-chamber temperature  rises  when  the  rate  of  combustion 
increases. 

EFFECT  OF  RATE  OF  COMBtTSTION  ON  AIR  StJFPLY,  FLtJE-GAS  TEMPER- 
ATURE,  AND  THE   ITEMS   OF  THE   HEAT   BALANCE. 

Figure  19  has  been  prepared  in  the  attempt  to  find  the  causes  of 
the  efiiciency  drop  shown  in  figure  17.  The  figure  shows  the  eflfect 
of  the  rate  of  combustion  on  the  weight  of  air  used  in  burning  the 
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fuel,  the  flue-gas  temperature,  and  the  three  most  important  heat 
losses  in  the  heat  balance.  This  figure  was  prepared  in  the  same  'wsy 
and  the  same  tests  were  used  as  in  the  preparation  of  figure  17.  The 
showing  of  figure  19  is  not  definite,  due  undoubtedly  to  the  fact  that 
the  coals  tested  were  of  very  diflFerent  characters.  Then,  too,  the 
range  of  the  rate  of  combustion  is  not  wide  enough  to  make  the  effects 
apparent.  The  failure  of  this  figure  emphasizes  the  fact  that  when 
it  is  desired  to  investigate  the  effect  of  one  factor  the  tests  should  be 
so  selected  as  to  eliminate  other  variables.  The  following  statement 
can  be  made,  however,  in  connection  with  this  figure: 

Curve  No.  1  shows  that  as  the  rate  of  combustion  increases  the 
weight  of  air  used  to  bum  1  pound  of  combustible  remains  nearly 
constant,  or,  if  anything,  it  decreases  a  little.  This  decrease  is  prob- 
ably due  to  the  fact  that  with  higher  rates  of  combustion  the  air 
leakage  into  the  setting  is  less  in  proportion  to  the  air  entering  the 
furnace  through  the  burning  fuel  bed.  At  the  left  of  the  curve  coals 
predominate  which  were  hard  to  bum  and  consequently  high  drafts 
had  to  be  carried,  which  naturally  tended  to  increase  the  leakage. 

Curve  No.  2  shows  that  as  the  rate  of  combustion  increases  the  flue- 
gas  temperature  drops  at  first  and  then  rises.  The  rise  in  the  tem- 
perature at  the  right  of  the  curve  may  be  accounted  for  by  the  rise 
in  the  combustion-chamber  temperature  as  shown  in  figure  18.  There 
does  not  seem  to  be  any  satisfactory  explanation  for  the  drop  at  the 
left  of  the  curve.  Any  speculation  on  this  point  would  be  of  doubtful 
value,  inasmuch  as  the  whole  range  of  the  flue-gas  temperature  is  only 
about  60°  F. 

Curve  No.  4  shows  that  as  the  rate  of  combustion  increases  the  heat 
loss  in  the  dry  chimney  gases  at  first  drops  slowly  about  2  per  cent 
and  then  rises  somewhat  faster.  The  drop  at  the  left  of  the  curve  is 
obviously  caused  by  the  decreasing  air  supply  and  the  flue-gas  tem- 
perature as  shown  by  curves  Nos.  1  and  2,  respectively.  The  rise  at 
the  right  of  the  curve  is  due  to  the  rising  flue-gas  temperature. 

Curve  No.  5  shows  that  the  ** unaccounted-for"  rises  with  the  rate 
of  combustion,  but  that  the  rise  is  small  and  therefore  not  decisive. 
The  unaccounted-for  contains  the  heat  lost  in  the  escape  of  the 
unbumt  hydrocarbons.  When  the  rate  of  combustion  increases  one 
would  expect  larger  quantities  of  these  hydrocarbons  to  escape  uncon- 
sumed,  and  therefore  the  unaccounted-for  heat  loss  to  rise. 

Curve  No.  6  shows  that,  in  general,  the  heat  loss  due  to  the  escape 
of  unbumt  CO  increases  -wdth  the  rate  of  combustion.  The  increase 
in  the  heat  loss  due  to  this  cause  must,  of  course,  be  expected;  when 
more  work  is  required  of  the  furnace  the  latter  does  not  perform  its 
functions  with  the  same  completeness  as  when  operated  at  lower 
capacity,  and  hence  the  increased  loss  in  CO. 
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BFFECrr  OF  RATE  OF  HEAT  EVOLUTION  ON  CAPACITY  AND  EFFICIENCT. 

It  has  been  stated  in  connection  with  figures  17,  18,  and  19  that  the 
effect  of  the  rate  of  combustion  upon  the  various  items  was  not  defi- 
nite because  the  tests  used  in  the  compilation  of  those  charts  were 
made  on  coals  greatly  varying  in  character.  That  is,  tests  made  on 
coals  having  a  heat  value  of  15,000  B.  t.  u.  per  pound  of  dry  coal  were 
used  along  with  tests  made  on  coals  running  only  11,000  B.  t.  u.  per 
pound  of  dry  coaL  On  account  of  these  widely  differing  coak  pre- 
dominating in  the  various  parts 
of  the  curves,  the  effect  of  the 
rate  of  combustion  was  largely 
destroyed.  To  eliminate  this 
objection  the  same  tests  were 
classified  into  groups  on  the 
basis  of  the  rate  of  heat  evolu- 
tion in  the  furnace.  The  arith- 
metic averages  of  the  results 
and  of  some  of  the  data  of 
each  group  were  obtained  and 
platted  against  the  rate  of  heat 
evolution.  The  curves  thus 
obtained  are  given  in  figures 
20, 21,  and  22.  The  classifica- 
tion of  the  tests  on  the  basis  of 
the  heat  presiunably  evolved 
will  show  approximately  the 
same  effects  as  the  classifica- 
tion on  the  rate  of  combustion 
of  tests  made  with  coals  having 
the  same  heating  value.  The 
heat  presumably  evolved  was 
taken  as  the  heat  value  of  the 
combustible  ascending  from  the  grate,  and  was  figured  as  indicated 
by  the  following  equation  in  which  the  column  numbers  refers  to 
Table  4 : 

Heat   presmnably   evolved   per  square   foot   of  grate   area  per 

hour= 

Column  54  X  column  59 
Area  of  grate  in  square  feet 

Figure  20  is  similar  to  figure  17.  The  increase  of  the  capacity  with 
the  rate  of  heat  evolution  is  more  prominent  than  it  is  shown  to  be 
with  the  rate  of  combustion.  The  efficiency  curve  drops  at  about  the 
same  rate  as  it  does  in  figvu'e  17,  and  the  drop  can  be  ascribed  to  the 
same  two  causes,  namely,  less  complete  combustion  of  fuel  and  less 
complete  absorption  of  the  heat  evolved. 
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FiQUBE  20.--CiiiTe8  showing  the  effect  of  rate  of  heat 
eyolutlonon  the  capacity  and  efflcienoy  of  steam-gener- 
ating apparatus.    Tests  made  on  boilers  Nos.  1  and  2. 
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EFFECT    OF     RATE     OF     HEAT     EVOLUTION    ON     COMBUSTION-CHAMBER 

TEMPERATURE. 

Figure  21  shows  the  effect  of  the  rate  of  heat  eTolution  on  the  com- 
bustion-chamber temperature;  it  is  similar  to  figure  18.  On  com- 
paring the  two  figures  it  can  be  seen  that  the  combustion-chamber 
temperature  rises  somewhat  more  rapidly  with  the  rate  of  heat  evolu- 
tion than  with  the  mere  rate  of  combustion.    This  more  rapid  rise  in 
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FiQUBE  21.— Curve  showing  the  effect  of  rate  of  heat  eyolution  on  the  oombustkMHShamher  tsmperattue. 

Tests  made  on  boilers  Nos.  1  and  2. 

the  temperature  is  due  to  the  fact  that  the  inequality  of  the  heating 
value  of  the  coals  has  been  eliminated,  so  that  the  coals  low  in  heat 
value  can  not  lower  the  points  at  the  right  of  the  figure. 

In  most  of  the  coals  low  heating  value  is  caused  by  the  presence  of 
a  large  quantity  of  ash  and  other  noncombustible  matter.  If  all  the 
coals  were  reduced  to  combustible  which  is  really  available  for  burn- 
ing, the  heating  values  of  1  pound  of  each  of  such  combustibles  would 
be  much  closer  together  than  those  of  the  dry  coals.  Classifications 
based  on  the  rate  of  combustion  of  such  combustible  would  show 
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nearly  the  same  effect  on  the  results  as  the  rate  of  heat  evolution. 
It  may  be  said  that  in  general  the  quantity  of  heat  evolved  in  the 
furnace  is  directly  dependent  on  the  quantity  of  such  real  combusti- 
ble burned.  This  relation  is  the  main  reason  why  the  combustion- 
chamber  temperatiure  rises  when  the  quantity  of  the  heat  evolved 
increases.  As  stated  in  connection  with  figure  18,  when  the  amount 
of  combustible  to  be  burned  increases,  the  point  of  complete  combus^ 
tion  recedes  to  the  rear  of  the  combustion  chamber,  and  thus  jncreases 
the  temperature  at  that  place. 

EFFECT  OF  BATE  OF  HEAT  EVOLUTION  ON  THE  AIR  SUPPLY,  FLUB-OAS 
TEMPERATURE,  AND  ITEMS  OF  THE  HEAT  BALANCE. 

Figure  22  is  similar  to  figure  19.  In  the  preparation  of  this  figure 
the  same  tests  were  used  as  in  figures  17,  19,  and  20.  The  grouping 
of  the  tests  was  done  on  the  basis  of  the  rate  of  heat  evolution. 

In  general,  the  effect  of  the  rate  of  heat  evolution  upon  the  items 
investigated  is  much  more  apparent  than  is  the  effect  of  the  rate  of 
combustion  upon  the  same  items.  As  previously  stated,  this  more 
marked  effect  of  the  rate  of  heat  evolution  is  due  to  the  elimination 
of  the  influence  of  the  difference  of  the  heat  values  of  coals. 

Curve  No.  1  shows  that  as  the  rate  of  heat  evolution  increases  the 
weight  of  the  chimney  gases  per  pound  of  combustible  decreases  at 
first,  but  when  the  rate  of  heat  evolution  is  about  25,000  B.  t.  u.  the 
weight  of  gases,  becomes  constant  at  slightly  less  than  20  pounds.  It 
is  difficult  to  explain  why  the  air  supply  should  be  Ixigh  at  the  low 
rates  of  heat  evolution.  The  large  supply  of  air  shown  at  the  left  of 
the  curve  is  one  cause  of  the  low  combustion-chamber  temperature 
shown  in  figure  21. 

Curve  No.  2  indicates  that  the  flue-gas  temperature  rises  as  the  rate 
of  heat  evolution  increases.  This  rise  in  the  flue-gas  temperature  can 
be  explained  by  the  fact  that  the  combustion-chamber  temperature 
rises,  as  shown  in  figure  21.  The  fact  that  the  flue-gas  and  the  com- 
bustion-chamber temperatures  rise  and  fall  together  is  a  well-proved 
relation  and  is  more  fuUy  explained  in  the  section  on  ''Principles 
involved  in  heat  transmission  into  steam  boilers." 

Curve  No.  4  shows  how  the  rate  of  heat  evolution  affects  the  loss  of 
heat  in  the  dry  chimney  gases.  The  high  heat  loss  in  the  dry  chimney 
gases  shown  at  the  left  of  the  curve  is  obviously  due  to  the  large  air 
supply  shown  by  curve  No.  1,  and  the  high  heat  loss  at  the  right  is 
caused  by  the  high  flue-gas  temperature  shown  by  curve  No.  2. 

Curve  No.  5  shows  that  the  unaccounted-for  item  in  the  heat  balance 
increases  steadily  with  the  rate  of  heat  evolution.  It  has  been  stated 
that  the  quantity  of  heat  evolved  is  nearly  proportional  to  the  quan- 
tity of  the  real  combustible  burned,  so  that  a  higher  rate  of  heat  evolu- 
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FiouRK  22.— Curves  showing  the  effect  of  rate  of  heat  evolution  on:  Pounds  of  dry  cfalnmey  gases  per 
pound  of  "combustible"  (No.  1);  flue-gas  temperature  (No.  2);  heat  loss  In  dry  chimney  gases  plus 
tmaccounted-for  losses  (No.  3);  heat  loss  in  dry  chimney  gases  (No.  4);  radiation  and  unaoooonted-for 
losses  (No.  5);  heat  loss  in  CO  (No.  6).  Heat  losses  are  expressed  as  percentages  of  the  total  heat  of  the 
"oombustlble "  asonnding  fh)m  the  grate.    Tests  made  on  boilers  Nos.  1  and  2. 
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tion  is  the  result  of  a  higher  rate  of  burning  of  combustible.  When 
the  combustible  is  burned  at  higher  rates  its  combustion  is  less  com- 
plete. Therefore  the  rise  of  the  unaccounted  for  at  the  right  of  the 
curve  can  be  ascribed  to  the  loss  by  incomplete  combustion. 

Curve  No.  6  indicates  that  within  t^e  range  investigated  the  rate  of 
heat  evolution  has  but  little  effect  on  the  heat  loss  due  to  unbumed 
00.  Generally  this  heat  loss  is  small  and  varies  considerably  with 
the  character  of  the  coal,  so  that  the  effect  of  the  rate  of  heat  evolution 
on  it  may  have  been  neutralized  by  changes  in  the  character  of  coal. 

Curve  No.  3  gives  the  heat  loss  in  the  dry  chimney  gases  and  the 
unaccotmted-f  or  loss  combined.  The  showing  of  the  curve  is  a  steady 
increase  of  the  combined  loss  when  the  rate  of  heat  evolution  in- 
creases. This  increase  in  the  combined  loss  is  nearly  equal  to  the 
drop  in  the  boiler  efficiency  curve  as  shown  in  figure  20. 

EFFECT  OF  RATE  OF  COMBUSTION  ON  CAPACrTY  AND  EFFICIENCY  WHEN 
THE   NATURE  OF  THE   COAL  REMAINS  NEARLY   CONSTANT. 

The  object  of  preparing  the  last  six  figures  discussed  was  to  study 
the  effect  of  the  rate  of  working  of  the  furnace  and  the  boiler  upon  the 
economic  results.  In  the  preparation  of  figures  17,  18,  and  19  the 
grouping  of  tests  was  on  the  basis  of  the  rate  of  burning  dry  coal,  inasr- 
much  as  the  rate  of  working  the  steam-generating  apparatus  depends 
directly,  although  not  entirely,  on  how  fast  the  coal  is  fired.  The 
objection  to  these  figures  and  their  indications  is  that  all  tests  made 
on  boilers  Nos.  1  and  2  were  used  in  their  compilation  regardless  of  the 
heating  value  and  the  nature  of  the  coal.  Great  variations  in  the 
heating  value  and  the  nature  of  the  coal  may  add  to  or  neutralize  the 
effect  of  the  rate  of  combustion;  for  that  reason  the  indication  of  the 
three  charts  above  named  is  not  definite.  The  grouping  of  figures  20, 
21,  and  22  is  based  on  the  presumed  heat  evolution,  and  therefore  the 
effect  of  varying  heat  value  is  eliminated  from  their  indication;  how- 
ever, the  effect  of  the  nattu'e  of  the  coal  remains,  and  the  figures  are 
open  to  objection  on  that  account.  To  reduce  the  latter  effect  75 
tests,  made  with  Illinois  coals  on  boilers  Nos.  1  and  2,  were  grouped  on 
the  basis  of  the  "combustible"  consumed  per  hour  and  figures  23  and 
24  were  platted.  The  two  figures  were  prepared  in  the  same  manner 
as  figures  17  and  19,  or  as  figures  20  and  22,  and  show  similar  rela- 
tions. It  is  known  that  the  combustible  bases  of  coals  coming  from 
this  field  have  approximately  the  same  heating  values,  and  as  the 
nature  of  the  coals  is  nearly  the  same,  the  effect  of  these  two  variables 
m  the  last  two  figures  is  negligible. 

It  may  be  noticed  in  figure  23  that  the  points  lie  much  closer  to 
the  smooth  curves  passed  through  them  than  in  previous  figures. 
The  figure  brings  out  much  more  definitely  what  has  been  indicated 
by  figures  17  and  20.     When  the  rate  of  combustion  increases  from 
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600  pounds  to  900  pounds  of  combustible  per  hour,  the  capacity 

rises  from  82  to  111  per  cent,  whereas  it  should  rise  to  123  per  cent  if 

the  capacity  were  directly  proportional  to  the  rate  of  combustion. 

The  capacity  actually  obtained  is  12  per  cent  of  the  boiler's  rating 

12  0 
below  what  it  should  be,  which  is  yoV""^-^  P^^  ^^^  ^'  *^®  expected 
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FiQUBK  23.— Curves  showing  the  effect  of  rate  of  oombustton  on  capacity  and  efficiency  when  the  himfing 
value  and  the  nature  of  the  "oombustible''  remain  nearly  coostant.    Tests  made  on  Illhiols  ooab  only. 

capacity.     For  the  same  increase  in  the  rate  of  combustion  the 


efficiency  drops  from  67.5  to  61  per  cent,  which  is 


6.5 
67.5 


9.7  per  cent  of 


itself.  The  drop  in  the  efficiency  fully  accounts  for  the  shortage  in 
the  capacity  at  the  higher  rates  of  combustion.  It  has  been  already 
stated  that  the  cause  of  the  drop  in  the  efficiency  is  less  complete 
combustion  of  the  fuel  by  the  furnace  and  less  complete  absorption  of 
the  heat.     This  fact  is  brought  out  rather  definitely  by  figure  24. 
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PiGUBB  24.— Carves  showing  the  effect  of  the  rate  of  oombostioii  on:  Pounds  of  dry  chimney  gases  per 
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Tests  made  on  Illinois  coals  only. 
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Curve  No.  1  of  figure  24  shows  that  as  the  rate  of  combustion 
increases  the  air  supply  diminishes.  Generally  speaking,  the  reduc- 
tion in  air  supply  will  cause  less  complete  combustion. 

Curve  No.  2  shows  that  the  flue-gas  temperature  rises  rapidly  when 
the  rate  of  combustion  increases.  Although  a  greater  part  of  the  rise 
of  the  flue-gas  temperature  may  be  justly  attributed  to  the  rise  in  the 
combustion-chamber  temperature  shown  by  curve  No.  3,  an  appre- 
ciable part  of  the  rise  is  the  result  of  less  complete  absorption  of  heat 
by  the  boiler.  That  this  is  the  cause  is  shown  by  the  general  slope  of 
curve  No.  4;  this  curve  indicates  that  the  loss  of  heat  in  the  diy 

chinmey  gases  increases  with 
the  rate  of  combustion  al- 
though the  weight  of  the 
gases  per  pound  of  combustible 
decreases. 

Curve  No.  5  shows  that  the 
unaccounted-for  losses  increase 
as  the  rate  of  combustion  in- 
creases. The  two  principal 
losses  constituting  this  item 
are  the  radiation  and  the  in- 
complete combustion  of  hydro- 
carbons which  may  exist  in 
the  flue  gases  either  as  gases, 
liquids,  or  soUds.  With  con- 
stant boiler  pressure  the  radia- 
tion from  the  boiler  and  set- 
ting is  nearly  a  constant  quan- 
tity of  heat,  so  that  the  radia- 
tion loss  decreases  in  percent- 
age   when    the    capacity    in- 

buatlon  on  capacity  and  eflBdencywhffli  the  heatS  ^^®^®®-  Therefore  Only  the 
valueandthenatureoftheooalremalnnearlyconstant.  leSS  Complete  COmbustlOn  Can 
Tests  made  on  Indlanaooals  only.  ^^^l^:,.  aI.^  «:««>  ;«  «,,w-»^  XT^    c 

^  explam  tne  rise  m  c\irve  No,  5. 

The  conclusion  arrived  at  in  the  last  paragraph  does  not  seem  to  be 
supported  by  curve  No.  6,  which  shows  that  in  general  with  the  t^ts 
investigated  the  heat  loss  due  to  unbumed  CO  decreases  as  the  rate 
of  combustion  increases.  It  would  seem  that  the  incompleteness  of 
combustion  would  be  indicated  by  the  presence  of  CO,  or,  in  other 
words,  that  the  incompleteness  of  combustion  would  be  proportional 
to  the  CO  loss,  but  evidently  the  rule  does  not  hold  in  all  cases.  It 
seems  that  as  soon  as  one  attempts  to  formulate  any  general  rule 
numerous  exceptions  or  modifications  appear. 

To  further  investigate  the  effect  of  the  rate  of  combustion  when  the 
heat  value  and  the  nature  of  the  coal  remain  nearly  constant,  tests 
made  with  Indiana  coals  were  grouped  according  to  the  rate  of  com- 
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COMBUSTIBLE  CONSUMED  PER  HOUlt,  POUNDS.  * 

TiouKE  26.— Curves  showing  the  effect  of  the  rate  of  combustion  on:  Pounds  of  dry  chinmey  gases  per 
pound  of  "combustible"  (No.  1);  flue-gas  temperature  (No.  2);  combustion-chamber  temperature 
(No  8):  heat  loss  in  dry  chinmey  gases  (No.  4);  radiationanaunaccounted-forlo6se6(No.5);  heatiossiii 
CO(Ko.6).    Tests  made  on  Indianaooals  only, 
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bustion,  and  figures  25  and  26  were  prepared.  These  two  figures 
show  the  same  relations  for  Indiana  coals  as  figures  23  and  24  for 
Illinois  coals. 

An  examination  of  figure  25  shows  that  the  rise  in  capacity  is  more 
nearly  proportional  to  the  rate  of  combustion,  and  that  the  efficiency 
does  not  drop  as  much  as  shown  in  figure  23  for  Illinois  coals.  The 
last  two  points  of  figure  25  should  not  be  given  much  weight,  inas- 
much as  each  represents  only  one  test. 

The  curves  of  figure  26  show  several  features  that  deserve  to  be 
mentioned. 

Curve  No.  1  shows  that  as  the  rate  of  combustion  increases  the  air 
supply  drops  more  rapidly  and  reaches  lower  limits  with  Indiana  coal 
than  it  did  with  Illinois.  This  feature  may  account  for  the  fact  that 
the  efficiency  with  the  Indiana  coal  drops  very  little  with  the  increase 
in  the  rate  of  combustion.  Smaller  air  supply  may  have  caused  more 
heat  to  be  available  for  the  boiler,  with  the  result  that  the  latter 
absorbed  nearly  the  same  percentage  of  the  heat  of  the  combustible 
ascending  from  the  grate. 

The  above  reasoning  seems  to  be  supported  by  the  indication  of 
curve  No.  4,  which  shows  that  notwithstanding  the  fact  that  the 
flue-gas  temperature  rises  with  the  rate  of  combustion,  the  air  supply 
drops  so  low  that  the  heat  carried  away  with  the  flue  gas  becomes 
less  at  the  higher  rate  of  combustion. 

Curves  Nos.  5  and  6  indicate  less  complete  combustion  at  the  right 
of  the  figure. 

The  apparent  difference  in  the  results  of  tests  made  on  the  Illinois 
and  the  Indiana  coals  is  more  likely  due  to  the  method  of  making 
the  tests  than  to  the  slight  difference  in  the  nature  of  the  two  coals. 

The  various  curves  given  in  the  last  ten  figures  show  that  when  the 
steam-generating  apparatus  is  run  at  higher  rates  of  working  its  effi- 
ciency drops  somewhat,  and  that  this  drop  in  efficiency  is  due  to  less 
complete  combustion  of  the  combustible  and  less  complete  absorp- 
tion of  the  heat  available  for  the  boiler.  The  physical  and  chemical 
reasons  for  these  lessened  effects  are  given  with  more  detail  in  the 
two  sections  entitled  ''Principles  involved  in  heat  transmission  into 
steam  boilers"  (pp.  340  to  361)  and  ''Principles  involved  in  the 
combustion  of  coal  in  boiler  furnaces"  (pp.  330  to  340). 

COMPOSITION  OF  THE   PRODUCTS  OP  COMBUSTION  AND  ITS 
EFFECT  ON  THE  ECONOMIC  BESULTS. 

For  all  practical  purposes  the  combustible  of  coals  may  be  con- 
sidered to  consist  chiefly  of  carbon  and  hydrogen.  When  these  two 
constituents  burn  completely  with  the  oxygen  of  the  air  the  products 
of  the  combustion  are  carbonic  acid  gas  (CO^)  and  water  vapor 
(IIjO).  The  amount  of  oxygen  supplied  to  obtain  practically  com- 
plete combustion  must  always  be  somewhat  in  excess  of  the  amoimt 
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theoreticaQy  needed  to  convert  all  the  carbon  to  CO,  and  all  hydro- 
gen of  the  combustible  to  H^O.  The  most  economical  excess  of 
o^sygen  depends  on  the  nature  of  the  coat,  the  method  of  feeding  it 
into  the  furnace,  the  facilities  for  miYing  oxygen  with  the  combusti- 
ble gases,  and  the  extent  of  the  combustion  space.  The  oxygen  sup- 
plied to  the  furnace  is  always  accompanied  by  about  four  times  its 
volume  of  nitrogen  (N|) ,  which  does  not  take  any  part  in  the  combus- 
tion, but  acts  as  a  diluent.  The  gases  leaving  the  furnace  contain 
chiefly  the  following  constituents:  Carbonic  acid  gas  (CO,),  water 
vapor  (H3O),  free  oxygen  (O,),  and  nitrogen  (N,). 

If  the  combustion  is  not  complete,  as  is  generally  the  case,  carbon 
monoxide  (CG),  free  hydrogen  (H,),  methane  (CH^),  and  other  hydro- 
carbons may  be  found  in  the  furnace  gases  in  quantities  vaiying 
with  the  incompleteness  of  combustion.  Besides  these  compoimds 
which  are  in  the  gaseous  state,  there  may  be  combustible  in  the  liquid 
or  semiliqtdd  state  held  in  suspension  as  tiny  tar  globules.  This  lat- 
ter form  of  combustible,  on  account  of  not  being  a  gas,  can  not  be 
determined  by  the  volumetric  method  of  analysis.  Again,  some  of 
those  compoimds  which  exist  as  gases  at  the  furnace  temperature  may 
condense  when  they  are  cooled  in  the  gas-«ampling  apparatus;  these, 
too,  can  not  be  determined  volumetrically. 

Usually  the  furnace  gases  are  analyzed  for  C0|,  O,,  and  CO.  H^O 
condenses  almost  entirely  in  the  gas-sampling  apparatus.  The  deter- 
mination of  H3  and  CH4  is  rather  complex  and  requires  considerable 
chemical  skill  and  experience,  and  therefore  it  is  seldom  made.  The 
combustible  constituents  are  supposed  to  be  in  some  proportion  to 
the  00  in  the  flue  gas,  and  therefore  CO  is  taken  as  an  indication  of 
incomplete  combustion.  Under  ordinary  conditions  the  percentage 
of  CO  and  the  other  combustible  gases  is  small;  however,  under  bad 
conditions,  or  with  the  oxygen  greatly  reduced,  the  combustible  con- 
stituents may  amount  to  several  per  cent. 

Within  certain  limits  the  percentage  of  CO,  and  O,  in  the  furnace 
gases  depends  entirely  upon  the  air  supply;  the  larger  the  air  supply 
the  higher  is  the  percentage  of  O,  and  the  lower  is  the  CO,  content. 
This  rule  is  true  in  so  many  cases  that  the  percentage  of  CO,  is  taken 
as  an  indication  of  the  air  supply. 

RELATION   OF  THE   COMPOSITION  OF  FURNACE   GASES   TO   THEIR 

TEMPERATURE . 

The  heat  developed  by  the  combustion  of  the  fuel  is  mostly  ab- 
sorbed by  the  furnace  gases  whose  temperature  is  thereby  raised. 
Of  course  when  a  fire  is  started  in  a  cold  furnace  part  of  the  heat 
generated  is  radiated  to  the  cold  furnace  walls  and  is  absorbed  by 
them,  but  after  the  walls  have  been  heated  up,  the  gases  are  the 
principal  heat  absorbers.     The  temperature  to  which  the  gases  are 

WiaS**— Bull.  23—12 15 
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raised  depends  upon  the  quEintity  of  heat  evolTed,  and  on  the  weight 
of  the  gases  used  or  generated  in  the  combustion.  It  is  apparent, 
then,  that  with  a  given  coal  the  temperature  of  the  furnace  gases 
depends  on  the  air  supply,  that  is,  up  to  a  certiun  limit  beyond  which, 
the  combustion  of  the  coal  becomes  very  incomplete  and  the  tem- 
perature ceases  to  rise.  The  smaller  the  air  supply  the  higher  will  be 
the  temperature  of  the  furnace  gases.  Since  a  high  CO,  content  in 
the  gases  is,  as  a  rule,  the 
result  of  a  small  air  supply, 
the  higher  the  CO,  percent- 
age the  higher  the  temper- 
ature; and  also,  the  higher 
the  0„  the  lower  the  tem- 
perature. This  relation  is 
shown  in  figure  27. 

The    gas    samples     and 

the  temperatures  were  both 

taken  in   the   rear   of  the 

combustion    chambers    of 

boilers  Nos.  1  and  2,     The 

gas  samples  were  collected 

with     the    watep-jacketed 

sampler  shown  in  figure  73, 

and  the  duration  of  coUect- 

g  ing  the  sample  was  30  min- 

I  utea.    The  figures  in  the 

d  circles  of  the  highest  curve 

indicate  how  many  samples 

were   averaged   to     obtain 

8 ,  each  point.    The  tempera- 

I '  ture    was    taken    with  a 

t  Wanner  optical  pyrometer 

riMPMiiTira  nf  «*■  or  anibnmoo  ohahbii,  =  t.         through  a  2-inch  Opening  in 

FraoKB  ZT.-CniTBs  showing  the  nlatioo  b«tw«en  tlM  pn^    tl^e  side  wall.      It  should  be 

ocutBCM  of  CO,  O^  and   COi  and  oomboilloiKJiMnlw  ,  j  ii.    *    .l 

temperature.   Tbe  gas  KimplM  and  Uu  tampentnna  wen    remembered  tbat  the  Optl- 

taken  In  tbe  kw  or  tb«  rambastlon  cbunbcn  of  boOol    cal      DTTOmetcr      indicated 

N<».  I  and  2  dodiig  leMs  3ts  to  3S1,  lodastra.  ,  '^-',  ,  , , 

lower  temperatures  than 
actually  existed,  because  when  short-flaming  coals  were  burned,  or 
when  the  boiler  was  run  at  lower  capacities  little  flame  was  viable, 
and  the  instrument  was  pointed  at  the  side  wall,  which  was  naturally 
cooler  than  the  gases. 

The  lowest  curve  shows  that  as  the  free  oxygen  becomes  less  the 
percentage  of  CO  increases,  indicating  that  the  combustion  ia  less 
complete.  The  highest  curve  shows  a  gradual  decrease  in  the  Orsat 
totals  when  the  air  supply  decreases.    Perhaps  part  of  this  drop  in 
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the  Orsat  totals  is  due  to  the  presence  of  hydrogen  and  hydrocarbons, 
but  it  is  a  question  whether  all  of  the  drop  can  be  accounted  for  on 
this  basis.  The  decrease  toward  the  right  is  partly  accounted  for  by 
condensation  of  some  of  the  water  formed  by  combustion,  which 
shrinkage  becomes  larger  and  lai^er  as  the  air  supply  is  cut  down 
toward  the  right. 

EFFECT  OF  AIB  SUPPLY  AND  THE  COMPOSITIGN  OF  FLUE  GASES  ON  THE 
EFFICIENCY  OF  THE   STEAM-OENEBATINO  APPABATUS. 

It  has  been  stated  on  page  195  that  the  part  of  the  heat  in  the 
furnace  gases  which  is  below  the  temperature  of  the  boiler  is  not 
available  for  absorption.  Inasmuch  as  the  temperature  of  any  one 
boiler  is  nearly  constant,  the  heat  not  available  for  absorption 
increases  directly  with  the  weight  of  gases.  Therefore,  by  burning 
the  fuel  with  a  smaller  air  supply  the  quantity  of  heat  unavailable 
for  absorption  is  reduced,  and  the  heat  which  is  available  is  increased 
by  the  same  amount.  When  a  larger  quantity  of  heat  is  made  avail- 
able for  the  boiler,  the  latter  absorbs  more  of  it  and  the  over-all 
efficiency  of  the  stefian-generating  apparatus  is  higher.  If,  however, 
the  reduction  of  the  air  supply  is  carried  too  far  the  combustion  may 
become  so  incomplete  that  a  large  part  of  the  heat  in  the  fuel  is  not 
developed,  in  which  case  the  heat  available  for  absorption  may 
become  smaller,  although  the  heat  not  available  is  reduced.  Thus 
for  every  furnace,  every  coal,  and  every  method  of  feeding  the  fuel . 
into  the  furnace,  there  is  some  minimum  value  beyond  which  it  does 
not  pay  to  reduce  the  air  supply.  There  are,  perhaps,  very  few  boilers 
operated  dangerously  close  to  this  limiting  value;  the  majority  of 
them  are  operated  with  too  large  an  excess  of  air. 

As  previously  stated,  the  most  economical  supply  of  air  depends 
on  the  nature  of  the  coal,  the  design  of  the  furnace,  the  method  of 
feeding  the  fuel,  and  perhaps  on  the  rate  of  combustion.  The  most 
economic  proportion  of  CO,  in  the  furnace  gases  is  from  10  to  15  per 
cent. 

To  show  how  the  airnsupply  and  the  flue-gas  composition  aflfect 
economy  in  steam  generation,  several  figures  are  presented.  These 
figures  were  prepared  from  the  results  of  the  tests  made  at  the  fuel- 
testing  plant  at  St.  Louis  and  also  from  those  made  at  the  University 
of  Illinois  engineering  experiment  station.  The  grouping  of  the  tests 
is  on  several  bases. 

EFFECT  OF  CABBON  DIOXIDE  IN  FLUE   OASES  ON  THE  EFFICIENCY  OF 

THE  BOILER  AND  THE  COMBUSTION   SPACE. 

Figure  28  shows  the  effect  of  the  percentage  of  CO,  on  the  combined 
efficiency  of  the  boiler  and  the  combustion  space  given  in  colunux  81  of 
Table  4  and  designated  as  ^'  boiler  efficiency."    The  percentage  of  CO, 
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is  the  amount  determined  by  the  Orsat  analysis  of  the  gases  collected 
at  the  base  of  the  stack.  The  amount  of  00,  in  gases  collected  at 
this  point  is  perhaps  2  or  3  per  cent  lower  than  it  is  in  the  rear  of  the 
combustion  chamber,  due  to  leakage  of  air  into  the  boiler  setting. 
(See  p.  290).  In  the  compilation  of  this  chart  all  tests  made  on 
boilers  Nos.  - 1  and  2  were  used.  The  tests  were  grouped  on  the  basis 
of  the  percentage  of  CO,  in  the  flue  gases.  The  efficiencies  given  in 
the  chart  are  arithmetic  averages  for  each  group.  The  curve  sho^i^ 
that  the  efficiency  rises  very  rapidly  as  the  per  cent  of  OO,  in  the  flue 
gases  increases.    This  rise  in  efficiency,  however,  is  probably  not 

entirely  due  to  a  higher  peiv 
centage  of  CO,.  Among  the 
groups  of  tests  at  the  extreme 
g  left,  those  made  on  low-grade 
coals  predominate,  so  that  the 
low  efficiency  may  be  partly 
due  to  the  chemical  nature  of 
the  coal.  This  is  the  principal 
objection  against  this  figure. 

EFFECT  OF  OABBON  MONOXIDB 
IN  FLUB  GASES  ON  THE  EFFI- 
CIENCY OF  THE  BOILER  AND 
THE   COMBUSTION  SPACE. 

Figure  29  has  been  compiled 
to  show  the  effect  of  CO  in  the 
flue  gases  on  the  combined  effi- 
ciency of  the  boiler  and  the 
combustion  space.  In  its  prep- 
aration the  same  tests  were 
oosiHFLUiQAflEs.PKRCKNT.  ^^cd   as    lu   figurc    28.     TTie 

FiouBi  28.-curve  showing  the  effect  of  cot  In  the  floe  grouping  has  been  done  OH  the 

gaseson  the  combined  efficiency  of  the  boiler  and  the    ][)asis  of  the  percentage  of  CO 
combustion  gpaoe.   Tests  made  on  boUersNoe.  land  2.    .       .,       ^  rim  •    ^ 

m  the  flue  gases.  The  pomts 
and  the  curve  drawn  through  them  show  a  very  rapid  drop  in  effi- 
ciency as  the  per  cent  of  CO  increases.  The  indication  of  this  figure 
may  seem  inconsistent  with  figures  27  and  28.  Figure  28  shows 
that  the  efficiency  increases  when  CO,  increases,  and  figure  27 
shows  that  CO  also  increases  with  CO,,  so  that  apparently  the  effi- 
ciency should  rise  when  CO  increases.  The  explanation  for  this 
apparent  inconsistency  may  be  this:  Although  as  a  rule  CO  in- 
creases when  the  air  supply  is  reduced — that  is,  when  CO,  increases, 
the  reduction  of  the  general  air  supply  may  not  be  always  the  cause 
of  high  CO.    The  deficient  air  supply  may  be  only  locali  due  to  poor 
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conditions  of  the  fuel  bed — ^that  is,  a  large  quantity  of  air  may  pass 
tiuough  some  parts  of  the  fuel  bed,  while  at  other  places  the  air  sup- 
ply may  be  veiy  deficient,  so  that  a  large  excess  of  air  and  incomplete 
combustion  may  occur  at  the  same  time.     With  coals  forming  large 
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GO  nr  FLUE  OASB8,  PERCENT. 

FioiTXS  29.— Carve  showing  the  efleot  of  CO  in  the  floe  gases  on  the  combined  efflolency  of  the  boUer  and 

the  combustion  space.    Tests  made  on  boilers  Nos.  1  and  2. 

pieces  of  solid  clinker  on  the  grate  such  conditions  are  very  probable. 
With  such  coals  it  is  always  a  question  whether  more  heat  is  lost  by 
frequent  cleaning  of  the  fires  or  by  bad  conditions  of  the  fuel  bed  on 
account  of  the  formation  of  clinker. 
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Obyioiisly,  most  of  the  tests  at  the  right  of  figure  29  were  made 
with  coals  that  did  not  bum  without  clinkering. 

The  explanation  just  given  is  supported  by  the  showii^  of  figure  30. 
The  latter  has  been  prepared  by  grouping  the  tests  made  on  boilers 
Nos.  1  and  2  on  the  basis  of  the  combined  efiiciency  of  the  boiler  and 
combustion  space,  and  averaging  each  of  the  percentages  of  CO  and 
CO,.  The  points  at  the  left  of  the  figure  indicate  a  high  excess  of  air 
and  incomplete  combustion  at  the  same  time. 
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COMBINED  EFnCIEirCY  OF  BOILER  AlfD  COUBUSTIOir  SPACE,  PERCENT. 

FxauBE  30.— Curves  showing  the  relation  of  the  oombined  efficiency  of  the  boiler  and  the  oombasCloD 
space  to  the  percentages  of  CO  and  COa  in  the  flue  gases.    Tests  made  dh  boilers  No.  1  and  No.  2. 

EFFECT  OF  AIB  ST7PPLY  ON  THE  BESTJLTS  OF  TESTS  WHEN  THE 
NATTTHE  OF  THE  COAL  BEMAINS  NEARLY  CONSTANT. 

The  objection  that  can  be  rightly  made  against  the  indication  of 
the  last  three  figures  is  that  in  their  preparation  all  tests  made  on 
boilers  Nos.  1  and  2  were  used,  regardless  of  the  nature  of  the  coals. 
To  eliminate  this  objection,  figure  31  was  prepared  from  tests  made 
on  Illinois  coals  only. 

Inasmuch  as  all  the  combustible  of  the  Illinois  coals  is  nearly  alike, 
the  effect  of  the  nature  of  the  coal  on  the  results  of  the  tests  is  greatly 
reduced.     Figure  31  was  prepared  in  the  same  manner  as  the  pre- 
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19  M  21  St  2S  tt 

FOUNDS  or  DRY  OHIMKET  OASES  PER  FOUND  OF  COUBUBTIBLa. 

FicxTRE  31.— Curves  showing  the  effect  of  air  supply  on:  Combustion-chamber  temperature  (No.  1); 
floo-gas  temperature  (No.  2);  capacity  developed  by  boiler  (No.  3);  combined  efficiency  of  boiler  and 
^  oambustlon  space  (No.  4);  COsin  flue  gases  (No.  5);  heat  loss  In  dry  chhnney  gases  (No.  6);  radlatloii 
and  nnacoounted-for  losses  (No.  7);  heat  loss  in  CO  (No.  8). 
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ceding  figures.  The  grouping  of  the  tests  was  done  on  the  basis  of 
the  weight  of  the  dry-ehimney  gases  per  pound  of  combustible.  The 
most  important  curve  in  this  chi^t  is  No.  4.  It  shows  that  with  the 
increase  of  the  weight  of  chimney  gases  from  16.5  to  27.5  poimds  the 
combined  efficiency  drops  from  about  68  to  about  62  per  cent,  or  6 
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FiouBB  32.— Cnrra  showing  rebtton  between  the  pttoentage  of  COs  in  the  floe  gaeee  and:  Capacity 
developed  by  boUer  (No^  1);  combined  efBdency  of  boQer  and  combustion  space  (No.  2);  overall 
efficiency ofsteem-generatlngapparstas (No. 3).  '^f^  Fifl4i> with  THty*nf ft**^*^  •*  ttmnni wwaJLy  ftf-nnwA^ 
engineering  experiment  statloo  on  a  Heliie  boiler  Hke  those  at  thefdetteating  plant,  bat  equipped  wfth 
a  ohaln-grate  stoker. 

per  cent;  the  capacity  at  the  same  time  drops  about  10  per  cent. 
The  drop  in  the  efficiency  is  about  the  same  as  shown  in  figure  28  for 
the  same  drop  in  the  percentage  of  CO,  in  the  flue  gases.  The  two< 
figures  can  be  compared  by  means  of  curve  No.  5  of  figure  31. 

Curve  No.  6  indicates  a  large  increase  in  the  heat  loss  in  the  diy- 
chimney  gases  as  the  air  supply  increases. 
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Curves  Nos.  7  and  8  drop  as  the  air  supply  increases;  indicating 
more  complete  combustion. 

To  determine  the  efiect  of  air  supply  on  the  efficiency  when  the 
furnace  is  equipped  with  a  chain-grate  stoker,  figure  32  has  been 
prepared  from  64  tests  made  with  Illinois  coals  at  the  University  of 
Illinois  engineering  experiment  station.  The  boiler  on  which  the 
tests  were  made  was  exactly  like  those  at  the  Government  fuel- 
testing  plant  at  St.  Louis,  but  it  was  set  up  with  a  chain-grate 
mechanical  stoker.  The  detailed  description  of  the  boiler  and  the 
tests  is  given  in  University  of  Illinois  Bulletin  No.  39.  The  efficiency 
platted  in  the  figure  is  the  American  Society  of  Mechanical  Engineers 
code  items  72  and  73. 

Curve  No.  2  shows  that  when  the  CO,  is  increased  from  7  to  12  per 
cent,  which  is  about  the  range  covered  by  figure  31,  the  efficiency  of 
the  boiler  and  combustion  space  rises  from  69  to  68  per  cent,  or 
about  9  per  cent,  which  is  a  Httle  more  than  the  rise  shown  in  figure  31 . 
Attention  is  called  to  the  fact  that  the  high  efficiency  points  are 
about  the  same  with  both  grates,  but  that  the  low  points  are  about 
3  per  cent  lower  with  the  chain  grate  than  with  the  hand-fired  furnace. 
It  should  be  borne  in  mind,  however,  that  the  coals  burned  on  the 
chain  grate  with  low  CO,  were  small  sizes,  mostly  below  i  inch,  which 
fact  may  partly  account  for  the  low  efficiencies. 

Figure  33  is  similar  to  figure  31.  It  has  been  prepared  from  tests 
made  on  boilers  Nos.  1  and  2  with  Indiana  coals  only. 

Curve  No.  4  shows  that  the  variation  of  the  efficiency  with  the  air 
supply  is  very  small.  However,  the  range  of  the  air  supply  covered 
is  rather  small.  If  the  air  supply  were  further  increased  the  efficiency 
undoubtedly  would  drop  faster  than  is  shown  by  the  curve.  Accord- 
ing to  the  indication  of  the  curve,  the  efficiency  is  not  much  afiected 
whatever  the  proportion  of  CO,  may  be,  so  long  as  it  is  between  8  and 
12  per  cent. 

It  will  be  noticed  that  curves  Nos.  6  and  7  are  nearly  symmetrical 
with  respect  to  the  horizontal  line  of  14  per  cent.  This  means  that 
when  the  chinmey  loss  is  increased  the  unaccounted-for  loss  is 
decreased  by  the  same  amount,  so  that  the  sum  of  the  two  is  about 
the  same  and  the  efficiency  remains  also  about  the  same;  that  is, 
by  decreasing  the  air  supply  the  heat  loss  is  shifted  from  the  column 
of  chimney  losses  to  the  unaccounted-for  losses,  the  useful  effect 
remaining  the  same. 

Curves  Nos.  7  and  8  indicate  an  increase  of  incomplete  combustion 
when  the  air  supply  is  reduced.  The  conclusion  that  can  be  drawn 
from  figure  33  is  that  when  the  air  supply  is  reduced  from  25  to  16 
pounds  of  gases  per  pound  of  combustible,  what  is  gained  in  chimney- 
gas  losses  is  nearly  offset  by  incomplete  combustion.  This  con- 
clusion probably  holds  true  only  for  Indiana  coals  when  burned  in  a 
hand-fired  furnace  of  the  Heine  type.    The  reader  is  cautioned 
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POUNDS  OF  DRY  CHIMNEY  OASES  PER  POUND  OF  COMBUSTIBLE. 

FiouRE  33.— Curves  showing  the  effect  of  air  supply  on:  Combustion-chamber  temperature  (So.  1) 
flue-gas  temperature  (No.  2);  capacity  developed  by  boiler  (No.  3);  combined  elBoieocy  of  boiler  and 
combustion  space  (No.  4);  COt  In  flue  gases  (No.  5);  heat  loss  in  dry  chimney  gases  (No.  6);  radiation  and 
unaccounted-for  losses  (No.  7);  heat  loss  In  CO  (No.  8).    Tests  made  on  Indlfuia  coals  only. 
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against  applying  it  to  other  cases  without  giving  due  consideration  to 
all  conditions  differing  from  those  that  existed  at  the  fuel-testing 
plant. 

In  general  it  may  be  safely  stated  that  high  percentages  of  CO,  in 
flue  gases  is  one  of  the  principal  requisites  of  high  efficiency  of  the 
steam-generating  apparatus.  However,  it  should  be  kept  in  nund 
that  high  (X),  does  not  mean  the  same  figure  for  all  furnaces;  that  is 
to  say,  the  most  economical  CO,  percentage  wUl  be  different  for 
different  coals  and  different  furnaces. 

BnrSGT  OF  COMBUSTION-Cmr  A  ITBTgTl  TEXPBBATUBB  ON  BESTTLTS 

OF  TESTS. 

High  temperature  in  the  rear  of  the  combustion  chamber  is  mainly 
the  result  of  a  low  supply  of  air.  It  may  be  also  the  result  of  the  rate 
of  combustion  or  the  nature  of  the  coal.  It  depends  entirely  on  the 
cause  of  the  high  temperature  whether  the  efficiency  is  thereby  raised 
or  lowered.  If  the  high  temperature  is  caused  by  a  reduced  air 
supply,  the  efficiency  of  the  steam  generator  will  generally  increase; 
if  it  is  caused  by  a  high  rate  of  combustion  or  the  nature  of  the  coal, 
the  efficiency  is  likely  to  drop;  or,  if  it  is  the  result  of  all  three  causes 
combined,  the  effects  may  be  neutralized  and  the  efficiency  may 
remain  constant. 

It  has  been  shown  in  figure  27  that  the  reduction  of  air  is,  within 
reasonable  limits,  accompanied  by  a  rise  in  combustion-chamber 
temperature.  This  relation  is  obvious  and  is  generally  admitted. 
It  has  been  also  shown  in  figures  28,  30,  31,  and  32  that  tilie  efficiency 
rises  when  the  air  supply  is  reduced,  at  least  within  the  range  that 
has  been  investigated.  It  is  therefore  reasonable  to  expect  that  a 
high  combustion-chamber  temperature  is  accompanied  by  higher 
efficiency  of  the  steam-generating  apparatus. 

In  figures  18,  21,  24,  and  26  it  has  been  shown  that  the  combustion- 
chamber  temperature  rises  when  the  rate  of  combustion  increases. 
The  same  grouping  of  the  same  tests  in  figures  17,  20,  23,  and  25  show 
that  the  efficiency  drops  as  the  rate  of  combustion  increases.  By 
inference  it  can  be  said  that  according  to  these  figures  the  efficiency 
drops  when  the  combustion-chamber  temperature  rises.  It  has  been 
explained  on  page  203  that  as  the  rate  of  burning  coal  increases  the 
point  of  the  most  intense  combustion  of  the  volatile  combustible 
recedes  to  the  rear  of  the  combustion  chamber.  Thus  the  distance 
between  this  point  of  most  intense  combustion  and  the  point  of 
temperature  measurement  is  shortened,  and  consequently  less  heat  is 
dissipated  from  the  gases  as  they  pass  between  the  two  points.  The 
result  is  that  the  temperature  in  the  rear  of  the  combustion  chamber 
is  higher  with  higher  rates  of  combustion,  although  the  air  supply 
may  remain  the  same. 
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TEHSERATURE  IN  REAR  OV  OOMBXTBTIDEr  GHAHBER,**  F. 

FiouBE  34.— Curves  showing  the  relation  of  the  teiupenttiue  in  the  rear  of  the  oombostloii  *>^«f^TnWr  to: 
Oombined  efficlenoy  of  boiler  and  combustion  space  (No.  1);  COi  in  floegases  (No.  2);  capaot^  developed 
by  boiler  (No.  8).    Tests  made  on  boUers  Nos.  1  and  2. 
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In  a  boiler  furnace  the  volatile  combustible  of  coal  has  to  be  burned 
in  the  space  between  the  grate  and  the  entrance  of  the  gases  among 
the  tubes  of  the  boiler.  If  the  quantity  of  the  volatile  matter  is 
small  and  bums  easily,  the  point  of  the  most  intense  combustion  will 
be  close  to  the  grate.  On  the  other  hand,  if  the  quantity  of  the  volar 
tile  combustible  is  large  and  bums  with  difficulty,  the  point  of  the 
most  intense  combustion  will  be  far  from  the  grate.  Although  the 
rate  of  burning  the  coal  and  the  rate  of  air  supply  may  be  the  same 
in  the  two  cases,  it  is  apparent  that  the  coal  with  the  high  volatile 
combustible  wiQ  show  a  higher  temperature  in  the  rear  of  the  com- 
bustion chamber  than  coal  low  in  volatile  combustible. 

Since  with  high  rates  of  burning  coal  and  with  coals  high  in  volatile 
matter  the  point  of  the  most  intense  combustion  of  the  gases  is  near 
the  end  of  the  furnace  space,  the  gases  enter  among  the  boiler  tubes 
less  completely  buraied  than  when  the  rate  of  combustion  is  low,  or 
when  the  coal  is  low  in  volatile  matter.  We  have  therefore  a  loss 
due  to  incomplete  combustion  accompanying  high  fumace  tempera- 
tures. Also,  since  the  gases  enter  the  boiler-tube  space  at  higher 
temperature  they  leave  the  heating  surfaces  of  the  boiler  at  higher 
temperature,  and  consequently  more  heat  is  wasted  through  the  stack. 
There  is  then  a  loss  due  to  less  complete  absorption  of  heat  accompa- 
nying high  temperatures  in  the  rear  of  the  fumace.  We  can  see  that 
high  temperature  in  the  rear  of  the  combustion  chamber  is  not  a  posi- 
tive assurance  of  high  efficiency. 

Figure  34  was  prepared  from  all  the  tests  made  on  boilers  Nos. 
1  and  2  in  which  the  combustion-chamber  temperatures  were  meas- 
ured, regardless  of  the  nature  of  the  coal  or  the  rate  of  combustion. 
The  grouping  of  the  tests  was  done  on  the  basis  of  the  combustion- 
chamber  temperature.  The  figures  in  the  small  circles  of  curve  No.  1 
indicate  the  number  of  tests  averaged  to  obtain  each  of  the  points. 
The  object  of  preparing  this  figure  was  to  show  whether,  in  general, 
high  fumace  temperatures  are  conducive  to  high  efficiency. 

Curve  No.  2  shows  that  one  of  the  causes  of  the  rise  in  the  com- 
bustion-chamber temperature  was  the  reduction  in  air  supply.  The 
rapidly  increasing  capacity  shown  by  curve  No.  3  is  undoubtedly  due 
to  the  increasing  rate  of  combustion.  One  can  say  then  that  the  rise 
in  the  combustion-chamber  temperature  is  due,  at  least,  to  two  causes, 
namely,  the  reduction  of  air  supply  and  the  increased  rate  of  combus- 
tion. Since  all  tests  made  on  the  two  boilers  were  used  in  the  prepa- 
ration of  the  curve,  coals  high  in  volatile  matter  perhaps  predominate 
at  the  right  of  the  curve  and  are,  therefore,  also  the  cause  of  the  rise  in 
the  combustion-chamber  temperature.  There  are  then,  very  likely,  all 
the  three  causes  previously  discussed  coming  into  effect,  and  therefore 
little  or  no  rise  in  efficiency  is  to  be  expected  when  the  combustion- 
chamber  temperature  rises. 
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Curve  No.  1  shows  that  the  average  increase  m  the  combined  effi- 
ciencies of  boiler  and  combustion  space  is  only  about  2  per  cent  for  a 
rise  in  combustion-chamber  temperature  from  1,900®  to  2,700®  F. 
However,  considering  the  increase  of  about  30  per  cent  in  the  capacity 
of  the  boiler,  one  must  conclude  that  high  furnace  temperatures  are 

If  lis 


TEMPERATURE  IN  BEAR  OF  OOXBUBIIOy  CHAMBER/^. 


FiouBE  35.— CarvQS  showing  the  relation  of  the  tempeiatxirB  in  the  rear  of  the  oombnsfcion  chambw  to: 
Radiation  and  unaooounted-for  losses,  plus  beat  loss  in  dry  gases  (No.  1);  capacity  developed  by  boiler 
(No.  2);  combined  efficienoy  of  boiler  and  combustion  space  (No.  3). 

desirable  so  far  as  commercial  performance  of  the  apparatus  is 
concerned. 

Figure  35  has  been  prepared  in  the  same  way  as  figure  34,  with  the 
exception  that  only  tests  made  on  Illinois  coals  were  used  in  its 
preparation.    Tests  on  other  coals  were  left  out  to  eliminatb  the 
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effect  of  the  nature  of  the  coal  on  the  combustion-chamber  tempera- 
ture and  on  the  results  of  the  tests. 

Curve  No.  2  indicates  that  an  increasing  rate  of  combustion  was  to 
a  considerable  extent  the  cause  of  the  rise  in  the  combustion-chamber 
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TEHFERATURX  JS^BEASL  OF  00MBU8TI0N  OHAMBER, «  F. 

88^— Oonra  ibowlDg  the  retatioD  between  oomboBtioiHdiamber  temperature  sod  flt^gas 

ttm.    Teste  made  on  boilers  Nos.  I  and  2. 

temperature.  For  this  reason  one  should  not  expect  an  appreciable 
increase  in  the  efficiency  when  the  combustion-chamber  temperature 
rises. 
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Curve  No.  3  shows  that,  in  general,  the  combined  efficiency  of  the 
boiler  and  combustion  space  remains  nearly  constant  throughout  the 
whole  range  of  the  combustion-chamber  temperature.  If  the  rise 
in  the  temperature  were  caused  by  the  reduction  in  air  supply  alone 
the  combined  efficiency  would  rise;  or,  if  it  were  caused  by  increased 
rate  of  combustion  alone  the  efficiency  would  drop.  Since  both  of 
these  causes  are  active  their  effects  are  neutralized  and  the  efficiency 
remains  constant. 

Curve  No.  1  shows  that  the  sum  of  the  heat  loss  in  the  dry  chimney 
gases  plus  the  radiation  and  other  unaccounted-for  losses  remains 
nearly  constant,  no  matter  what  the  combustion-chamber  temper- 
ature may  be.  Curves  Nos.  1  and  3  show  a  peculiar  relation  to  each 
other  in  that  their  respective  points  are  symmetrically  located  with 
respect  to  a  horizontal  line  running  through  the  middle  of  the  figure. 
This  means  that  whenever  the  efficiency  is  low  the  heat  loss  is  in  one 
of  the  two  items  of  curve  No.  1. 

Considering  the  large  increase  in  the  boiler  capacity  with  no  loss 
in  the  efficiency,  figure  35  shows  that  high  temperatures  are  favorable 
to  economic  operation  of  steam  boilers. 

There  is  one  objectionable  feature  connected  with  high  furnace 
temperature  which  may  afiect  the  efficiency  of  a  boiler  plant  even 
though  the  boiler  efficiency  may  be  higher.  This  feature  is  the  com- 
paratively short  life  of  the  fire-brick  lining  of  the  furnace  and  pro- 
portionately lai^er  repair  expenses.  Considering  the  durability  of 
the  furnace  lining  it  would  seem  advisable  not  to  nm  the  furnace  at 
excessively  high  temperatures.  The  latter  can  be  lowered  not  by 
using  more  air,  but  by  changing  the  construction  of  the  furnace  in 
such  a  way  that  part  of  the  heat  is  absorbed  by  the  boiler  while  the 
process  of  combustion  is  going  on.  Of  course  this  heat  absorption 
should  not  be  carried  so  far  as  to  reduce  the  temperature  of  the 
gases  below  the  ignition  point,  in  which  case  smoke  would  result. 

BELATION  BETWEEN  THE  COHBUSTION-OHAHBEB  TEICPEBATUBB 

AND  FLXTB-GAS  TEICPEBATXJBE. 

In  the  preceding  discussions  the  statement  has  been  made  several 
times  that  the  flue-gas  temperature  rises  with  the  temperature  in 
the  rear  of  the  combustion  chamber.  To  show  that,  in  general,  this 
statement  is  true  figure  36  has  been  prepared  from  all  the  tests  made 
on  boilers  Nos.  1  and  2.  The  figure  shows  that  the  relation  between 
the  two  temperatures  is  as  stated.  We  may  say  then  that,  in  general, 
the  hotter  the  gases  are  when  entering  the  boiler  the  hotter  they  are 
when  they  leave  the  boiler.  Similarly,  the  cooler  they  are  when  they 
enter  the  boiler  the  lower  is  the  flue-gas  temperature.  There  are 
scarcely  any  arguments  needed  to  prove  that  if  low  flue-gas  tempera- 
tures are  to  be  accompanied  by  high  efficiency,  the  combustion- 
chamber  temperature  should  be  made  low  by  having  the  boiler 
absorb  part  of  the  heat  from  the  gases  and  fuel  bed  during  the  process 
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of  combustion.  Of  course;  such  reduction  in  the  combustion- 
chamber  temperature  can  be  attained  only  by  changing  the  furnace. 
For  example;  in  the  Heine  furnace  the  combustion-chamber  tempera- 
ture can  be  reduced  by  forming  the  lower  baffle  with  flat  tiles^  which 
are  merely  laid  on  top  of  the  lowest  row  of  water  tubes  instead  of 
having  the  latter  entirely  inclosed  with  tiles.  This  change  may 
increase  the  efficiency  of  the  outfit  3  to  4  per  cent;  although  at  higher 
rates  of  combustion  it  may  increase  the  incomplete  combustion  and 
the  tendency  of  the  furnace  to  smoke. 

For  a  description  and  the  results  of  a  series  of  comparative  tests  made 
on  a  Heine  boiler  with  the  lower  baffle  similarly  modified;  the  reader 
is  referred  to  Bulletin  No.  34  of  the  University  of  Illinois.  The  tests 
were  made  at  the  Universtiy  of  Illinois  engineering  experiment  station 
in  a  boiler  mentioned  in  connection  with  figure  32.  The  seri^  con- 
sisted of  eight  tests;  four  of  them  were  made  with  the  lowest  row  of 
tubes  entirely  inclosed  with  C-shaped  tileS;  and  four  were  made  with 
the  lower  baffle  formed  with  Tnshaped  tileS;  which  were  merely  laid  on 
top  of  the  tubeS;  leaving  the  latter  exposed  to  radiation  from  the 
fuel  bed  and  the  flames.  Table  5  gives  the  principal  results  of  these 
tests. 

Table  5. — ResidU  of  comparative  tests  made  with  two  types  of  tHe-roof  furnaces  at  the 

University  of  Illinois  experiment  station. 


Items. 


Cnacitr  (per  cent) 

SmdeiMsy  (per  cent). ........ 

Tempenitiire  above  ikiel  bed 

CfT) 

Temperature  in  rear  combu»* 

tton  diamber  (<*  F.) 

Tlue^^  temperature  C  F*)-- 
Per  cent  COs  In  flue  gas 


Tests  with  C-shaped  tfles. 


102.0 
60.8 


1,677.0 

640.0 

7.6 


102.0 
64.4 


2,052.02,086.0 


1,634.0 

665.0 

6.1 


8 


106.0 
65.9 

2,073.0 

1,721.0 

663.0 

7.7 


102.0 
65.8 

2,068.0 

1,686.0 

666.0 

7.0 


Aver- 
age. 


102.8 
66.6 

2,066.0 

1,643.0 

658.0 

6.8 


Tests  with  T-shaped  tiles. 


106.0 
68.6 

1,803.0 

1,400.0 

496.0 

6.7 


104.0 
69.4 

i,87ao 
i,4iao 

484.0 
7.7 


3 


102.0 
67.4 

1,869.0 

1,325.0 

458.0 

7.7 


105.0 
68w8 

1,902.0 

1,384.0 

432.0 

7.9 


Aver- 
age. 


104.0 
68.6 

1,883.0 

1,384.0 

467.0 

7.6 


BBI^ATIOK  OF  COMPOSITION  OF  COAL  TO  BESTJLTS  OF  STEAHINa 

TESTS. 

In  the  preceding  paragraphs  were  considered  the  effects  on  the 
results  of  the  steaming  tests  of  such  conditions  as  can  be  to  some 
extent  controlled  by  the  man  in  charge  of  the  fire.  By  properly 
adjusting  these  conditions  the  efficiency  of  the  steam-generating 
apparatus  can  be  improved.  In  the  present  chapter  will  be  dis- 
cussed the  effects  of  the  chemical  composition  of  the  coal  on  the 
results  of  the  tests.  The  composition  of  the  coal  can  not  be  changed 
and  therefore  its  effect  on  the  results  is  of  more  permanent  nature. 
Nevertheless,  if  the  furnace  were  so  modified  as  to  be  better  adapted 
for  certain  classes  of  coal  the  results  could  be  improved.  The  com- 
position of  coal  generally  affects  the  result  through  one,  two,  or 
several  of  the  conditions  previously  discussed. 

99133*'— Bull.  23—12 ^16 
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The  two  chief  losses  in  the  process  of  steam  generation  are  the 
heat  loss  in  the  dry  chimney  gases,  and  the  heat  loss  through  incom- 
plete combustion.  The  chimney  loss  may  be  made  unreasonably 
high  by  the  use  of  a  large  excess  of  air.  Incomplete  combustion  is 
directly  caused  by  an  insufficient  air  supply  which  may  be  either 
local  or  general.  Either  of  these  extremes  may  be  caused  by  the 
composition  of  the  coal.  The  coal  may  be  very  fusible,  in  which 
case  the  surface  of  the  fuel  bed  forms  one  soUd  layer  of  semiliquid 
fuel  which  efiectively  stops  the  passage  of  air  through  the  grate,  and 
at  the  same  time  a  large  excess  of  air  may  be  fed  into  the  furnace 
through  the  firing  door.  The  same  local  excess  or  insufficient  air 
supply  may  be  caused  by  the  fusion  of  the  ash  on  the  grate.  Again, 
the  volatile  matter  of  some  coals  may  be  driven  oflF  so  rapidly  after 
a  fresh  charge  that  the  average  air  supply  is  far  too  small  to  bum  it, 
whereas  one  or  two  minutes  after  firing  the  same  air  supply  may  be 
greatly  in  excess.  Thus  the  chemical  nature  of  the  coal  is  respon- 
sible for  large  or  small  supply  of  air,  and  therefore  indirectly  for 
large  chimney  losses  or  losses  of  incomplete  combustion. 

In  order  to  study  the  effects  of  the  nature  of  coal  on  the  economy 
in  the  process  of  steam  generation,  the  tests  made  on  boilers  Nos.  1 
and  2  were  grouped  on  the  bases  of  various  chemical  constituents 
of  the  coals,  and  figures  37  to  52  were  prepared.  As  on  all  previous 
charts,  the  factors  which  were  used  for  the  bases  of  the  groupings  of 
the  tests  are  given  as  abscissas,  and  the  items  of  the  results  of  the 
tests  on  which  the  effects  of  these  factors  are  desired  to  be  shown  are 
given  as  ordinates.  The  ordinate  of  each  point  on  these  charts  is 
the  arithmetic  average  of  all  the  tests  of  each  group,  so  that  the  indi- 
cation obtained  by  each  curve  shows  only  the  general  tendency. 
This  fact  should  be  kept  in  mind  when  (kawing  conclusions  from 
these  charts.  The  number  of  tests  forming  each  group  is  given  by 
the  figure  inside  of  each  small  circle  representing  the  points. 

EFFECT   OF  THE   VOLATILE   MATTER  OF  COAL  ON  THE   EFFICIENOY. 

The  volatile  combustible  is  one  of  the  troublesome  constituents 
of  coal,  particularly  if  the  latter  is  burned  in  a  hand-fired  furnace. 
Firing  by  hand  is  an  intermittent  process.  The  charging  itself  takes 
one-half  to  one  minute  and  supplies  the  furnace  with  fuel  for  four  or 
five  minutes.  Careless  firemen  make  the  charges  a  great  deal  heavier. 
Most  of  the  volatile  matter  is  driven  off  the  coal  during  the  first  two 
minutes  after  charging,  and  most  of  it  is  burned  while  in  the  combus- 
tion space  of  the  furnace.  Generally  during  these  two  minutes  not 
enough  air  is  admitted,  and  the  time  during  which  the  volatile  matter 
and  the  air  stay  within  the  combustion  space  is  too  short  for  the  two 
to  be  thoroughly  mixed  and  the  combustible  consumed.  There  is, 
therefore,  during  these  first  two  minutes  incomplete  combustion,  of 
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which  black  smoke  is  a  visible  evidence.  After  the  volatile  matter 
has  been  driven  off  the  fixed  carbon  bums  on  the  grate  and  stays 
there  xmtil  thoroughly  consumed  or  gasified.  The  air  dining  this 
period  of  the  firing  cycle  may  be  about  right  for  economic  combustion, 
but  generally  it  is  high.  It  is  obvious  from  the  intermittent  feeding 
of  coal  in  hand  firing  that  unless  the  air  supply  is  constantly  varied 
during  each  firing  cycle  there  is  apt  to  be  alternately  shortage  and 
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volaulb  hatter  nr  coal,  moisture  and  ash  pree,  per  ceivt 

FiouBi  87.— Carres  showing  the  effect  of  the  Tolotlle  matter  in  moistare  and  ashpfree  uoal  on:  Combua- 
tlonrcbaniber  temperatme  (No.  1):  combined  efficiency  of  boiler  and  oombustion  space  (No.  2).  Tests 
made  on  boilers  Nos.  1  and  2. 


excess  of  air,  with  the  consequent  heat  losses.  It  must  not  be  under- 
stood that  all  the  volatile  combustible  is  driven  off  during  the  first 
two  minutes  after  firing,  and  that  all  the  remaining  fixed  carbon 
biuns  completely  during  the  remaining  two  or  three  minutes  before 
the  next  charge  is  fired.  There  is  some  volatile  combustible  leaving 
the  fuel  bed  during  the  fourth  or  even  fifth  minute,  but  the  quantity 
b  so  small  and  is  of  such  nature  that  the  air  supply  is  more  than 
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sufficient  to  bum  it  before  it  leaves  the  combustion  space.  The  fixed 
carbon  may  stay  on  the  grate  one  hour  or  even  longer  before  it  is 
completely  consumed. 
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FIXED  CARBON  IV COAL  AS  FIRED,  PERCENT. 
FiouBE  38.— Curves  showing  the  relation  between  the  percentage  of  fixed  oarboo  In  ooal  and:  Combos- 
tlon-chamber  temperature  (No.  1);  flue-gas  temperature  (No.  2);  capacity  developed  by  boiler  (No.  8): 
combined  efficiency  of  boiler  and  combustion  space  (No.  4). 

The  large  quantity  of  the  volatile  combustible  distilled  from  the 
fuel  bed  during  the  first  two  minutes  after  firing  is  not  entirely  respon- 
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sible  for  the  incomplete  combustion  losses.  The  loss  is  to  a  consid- 
erable extent  also  due  to  chemical  composition  and  physical  state. 
Only  part  of  the  volatile  combustible  leaves  the  fuel  bed  as  light, 
readily  combustible  gases;  the  remainder  passes  through  the  space 
of  the  furnace  as  heavy  gases,  tarry  vapors,  and  other  carbon-hydrogen 
compounds  in  semiliquid  or  solid  states.  The  last  two  forms  of  com- 
bustible, owing  to  their  physical  state,  are  particularly  difficult  to 
bum  completely  in  the  short  time  they  stay  within  the  combustion 
space  of  the  furnace.  They  are  generally  responsible  for  a  great  deal 
of  the  smoke  made  in  the  hand-fired  furnace. 

Owing  to  the  above-discussed  difficulties  in  burning  volatile  com- 
bustible, coals  containing  high  percentages  of  volatile  matter  generally 
do  not  give  as  good  results  in  steam-generating  apparatus  as  high 
fixed-carbon  coals.  This  fact  is  plainly  shown  in  figures  37  and  38. 
The  lower  curve  of  figure  37  shows  that,  in  general,  the  combined 
efficiency  of  the  boiler  and  the  combustion  space  drops  from  68  to 
about  56  per  cent  when  the  volatile  matte  increases  from  20  to  60  per 
cent.  The  two  numbers  beside  each  circle  indicate  the  highest  and 
the  lowest  efficiency  obtained  within  each  group  of  the  tests.  It  will 
be  noticed  that  the  highest  efficiencies  are  approximately  the  same  for 
all  groups,  excepting  the  one  of  the  highest  volatile  matter.  The 
lowest  efficiency  values  of  each  group,  on  the  other  hand,  fall  off  very 
rapidly  as  the  volatile  matter  increases.  This  fact  may  be  explained 
in  this  way :  There  is  no  particular  difficulty  in  burning  the  low  volatile 
matter  coals,  consequently  good  efficiency  is  obtained  in  all  the  tests; 
but  as  the  volatile  matter  becomes  higher  the  difficulty  in  burning  the 
coal  increases  and  most  of  the  tests  come  out  with  low  efficiency, 
though  a  few  tests  may  show  good  results.  The  conclusion  is  that, 
with  the  same  economy,  a  great  deal  more  care  and  skill  are  required 
to  bum  high  volatile  coals  imder  steam  boilers  than  are  required  to 
bum  low  volatile  coals. 

The  upper  curve  of  figure  37  shows  that  the  highest  temperatures 
in  the  rear  of  the  combustion  chamber  were  obtained  with  coals  run- 
ning 30  to  50  per  cent  in  volatile  matter.  The  coals  lower  in  volatile 
matter  have  their  points  of  intense  combustion  near  the  grate,  so  that 
part  of  the  heat  is  absorbed  by  the  boiler  through  the  tile  roof  before 
the  gases  reach  the  rear  of  the  combustion  chamber.  The  coals  high 
in  volatile  matter  are  mostly  low-grade  fuels  with  high  ash  and  high 
moisture,  which  two  constituents  tend  to  lower  the  furnace  tem- 
perature. 

Curve  No.  4  of  figure  38  confirms  the  indication  of  the  lower  curve 
of  figure  37. 

CHurves  Nos.  1  and  2  of  figure  38  rise  and  fall  together,  showing  that 
high  furnace  teihperatures  are  accompanied  by  high  flue-gas  tem- 
peratures, which  relation  is,  of  course,  natural.    The  combustion- 
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chamber  temperature  does  not  seem  to  bear  any  relation  to  the 
percentage  of  fixed  carbon  in  coal.  The  same  is  true  of  the  capacity 
developed  by  the  boiler  as  shown  by  curve  No.  3. 

EFFECT  OF  PEBCENTAQE  OF  ASH  ON  RESULTS  OF  TESTS. 

Ash  in  coal  is  impurity  and  is  objectionable  for  several  reasons.  In 
this  discussion  ash  is  considered  only  as  a  hindrance  to  the  proper 
combustion  of  the  coal. 

The  ash;  even  if  not  fusible,  increases  the  resistance  of  the  fuel  bed 
to  the  flow  of  air,  thus  reducing  the  rate  of  combustion.  If  the  rate  of 
combustion  is  to  remain  the  same,  higher  ''drafts"  must  be  carried 
when  burning  high-ash  coals.  Higher  "drafts"  Qower  pressures 
inside  the  boiler  setting)  will  necessarily  increase  the  leakage  of  air 
into  the  boiler  setting  so  that  the  flue-gas  analysis  may  show  a  high 
excess  of  air. 

If  the  ash  is  uniformly  distributed  through  the  coal  and  particu- 
larly if  it  is  tough,  it  may  form  an  insulating  layer  aroimd  the  burning 
pieces  of  coal  so  that  the  oxygen  passing  through  the  fuel  bed  can  not 
readily  come  in  contact  with  the  combustible.  Consequently,  a  large 
quantity  of  the  oxygen  may  pass  through  the  fuel  bed  uncombined. 
Thus,  the  air  supply  may  become  too  high  for  good  economy. 

If  the  ash  is  fusible  cUnkers  are  formed  which  may  entirely  shut  off 
the  flow  of  air  through  some  parts  of  the  fuel  bed  while  a  few  places 
remain  open,  and  through  them  a  large  excess  of  air  may  rush  into 
the  furnace.  Thus  incomplete  combustion  and  a  large  supply  of  air 
may  both  cause  heat  losses  at  the  same  time. 

A  further  loss  directly  attributable  to  ash  is  the  unavoidable  removal 
from  the  furnace  of  some  of  the  combustible  matter  along  with  the  ash 
when  cleaning  fires.  As  the  ash  and  clinkers,  as  well  as  the  combusti- 
ble, are  pulled  out  of  the  furnace  at  a  red  heat  a  small  quantity  of 
heat  is  wasted  in  this  manner. 

Besides  the  tendency  to  cause  the  above  heat  losses,  ash  in  coal  is 
apt  to  reduce  the  capacity  of  the  boiler.  It  has  been  stated  that  the 
presence  of  ash  in  the  fuel  bed  increases  the  resistance  to  the  flow  of 
air  through  the  bed  and  thereby  reduces  the  rate  of  combustion. 
Since  the  capacity  is  a  direct  function  of  the  rate  of  combustion,  high 
ash  causes  low  capacity.  The  ash  affects  the  capacity  in  another 
way;  while  the  ash  and  clinkers  are  being  removed  from  the  furnace 
the  operation  of  the  latter  is  almost  entirely  suspended  during  10  to 
20  minutes,  a  fact  that  greatly  reduces  the  steam  production  over 
extended  periods. 

Thus  high  ash  in  the  coal  may  reduce  the  efficiency  of  the  steam- 
generating  apparatus  by  causing  too  large  a  supply  of  air  with  a 
possible  incomplete  combustion  due  to  local  deficiency  of  air  supply. 
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High  ash  reduces  the  capacity  of  a  steam  boiler  by  reducing  the 
rate  of  combustion,  and  also  by  the  fact  that  during  the  time  of 
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Fiousx  39.— Curves  showing  the  relation  of  the  percentage  of  ash  in  coal  to:  Combnstion-chamber  tem- 
pentore  (No.  1);  flue-gas  temperature  (No.  2);  pounds  of  dry  chimney  gases  per  pound  of  "oombustl- 
bia"  (No.  3);  capacity  developed  by  boiler  (No.  4);  combined  efBoiency  of  boUer  and  combustion  space 
(No.  6).    Tests  101  to  401. 

removing  the  clinker  from  the  grate  tlie  combustion  is  almost  entirely 
suspended. 
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The  curves  of  figure  39  confirm  the  statements  made  in  the  fore- 
going discussion. 

Curve  No.  3  indicates  that  more  air  is  used  to  bum  1  poimd  of  com- 
bustible when  the  ash  in  the  coal  increases.  A  larger  air  supply  causes 
lower  combustion-chamber  temperature,  and  this  in  turn  causes  lower 
flue-gas  temperature.  These  two  facts  are  indicated  by  curves  Nos. 
1  and  2. 

Curve  No.  4  shows  that,  in  general,  the  capacity  of  the  boiler 
becomes  lower  when  the  percentage  of  ash  in  the  coal  increases. 
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FiouBi  40.— Conre  ahowing  the  relation  of  the  percentage  of  ash  in  dry  coal  to  the  over-all  efnciency 

of  the  steam-generating  apparatus.    Teats  130  to  410. 

The  drop  in  the  combined  efficiency  of  the  boiler  and  furnace  is 
rather  small,  indeed  it  is  smaller  than  one  would  reasonably  expect. 
It  should  be  remembered  that  tliis  efficiency  doas  not  include  the 
grate,  and  therefore  the  losses  shown  by  the  curve  do  not  include  the 
combustible  wasted  in  the  ash  and  cUnker  in  cleaning  fires. 

Attention  is  called  to  the  rough  relation  shown  by  the  individual 
points  of  curves  Nos.  4  and  5;  that  is,  when  the  capacity  rises  the 
efficiency  drops.  This  relation  has  already  been  discussed  in  con- 
nection with  figures  17  and  19. 

Figure  40  shows  the  relation  between  the  over-all  efficiency  and  the 
percentage  of  ash  in  diy  coal.  This  efficiency  includes  the  grate  and 
therefore  the  drop  with  the  increase  of  the  percentage  of  ash  is  more 
marked. 
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Figure  41  shows  reversely  the  same  relation  as  figure  40.  The  differ- 
ence between  the  two  figures  is  that  figure  41  has  been  prepared  by 
grouping  the  tests  on  the  basis  of  the  combined  efficiency  of  the  boiler 
and  combustion  space  instead  of  on  the  percentage  of  ash.  The  chart 
shows  that  high  over-all  efficiencies  were  obtained  with  low-ash  coal 
and  that  tests  showing  low  efficiencies  were  mostly  made  with  coals 
high  in  ash. 

In  the  preparation  of  figures  39,  40,  and  41  all  tests  made  on  boUers 
Nos.  1  and  2  were  used,  regardless  of  the  kind  of  coal.  It  is  very 
probable  that  the  three  figures  show  not  only  the  effect  of  the  per- 
centage of  ash  in  coal  but  also  the  effects  of  some  other  factors  of  the 
chemical  composition  of  the  coals.    To  eliminate  these  other  factors 
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OOMBUnO)  EFJriClJSNGT  OF  BOILER  AND  COMBUSTION  SPACE,  FER  CENT. 

FioiTKs  41.— Curve  showing  relation  of  the  oombined  efficiency  of  the  boUer  and  the  oombostion  space 

to  the  percentage  of  ash  in  dry  ooal. 

as  far  as  possible,  figures  42  and  43  were  prepared  from  tests  made  on 
Illinois  coals  only.  It  is  a  known  fact  that  coals  coming  from  the 
same  coal  field  are  of  somewhat  the  same  chemical  composition  and, 
therefore,  the  steaming  tests  made  on  them  are  better  fitted  for 
comparison. 

Curve  No.  1  of  figure  42  indicates  that,  in  general,  the  combined 
efficiency  of  the  boiler  and  combustion  space  drops  only  about  1.5 
per  cent  when  the  ash  in  moist  coal  increases  from  5  to  17  per  cent. 
This  is  perhaps  a  smaller  drop  than  one  would  expect.  The  numbers 
at  each  point  of  the  curve  give  the  highest  and  lowest  combined  effi- 
dency  of  each  group  of  tests.    According  to  these  numbers,  high 


240 


STEAMING  TESTS  OF  COALS. 


efficiency  may  be  obtained  with  coals  containing  any  amount  of 
ash  from  5  to  17  per  cent,  but  with  coals  of  higher  ash  content  the 
chances  of  obtaining  good  results  are  much  less  than  with  coals  low 
in  ash. 


ASH  IN  COAL  AS  HRED.  PER  CEST 

FiQUBK  42.— Curves  showing  the  relation  of  the  percentage  of  ash  in  coal  to:  Combined  efficiency  of 
boiler  and  combustion  si>ace  (No.  1);  over-allefflciencyof  steam-^eneratingapparatU8(No.2);  heat  loss 
in  dry  chimney  gases  (No.  3);  radiation  and  unaccounted-for  lasses  (No.  4);heatloss  in  moisture  formed 
bybumhighydrogen(No.5);heatlossinmoisturehicoal(No.6);heatlos8inCO(No.7).  Theonllnates 
of  curves  Nos.  1.3. 4, 5, 6,  and  7  are  expressed  as  percentages  of  the  heat  of  *'oombustlble"  ascendingfirom 
the  grate  and,  therefore,  should  add  approximately  to  100.    Tests  made  with  Illinois  ooals  only. 

The  difference  of  slope  between  curves  Nos.  1  and  2  indicates  that 
more  combustible  is  wasted  in  the  refuse  when  the  ash  is  high,  a  rela- 
tion that  is,  of  course,  natural.  The  heat  losses  indicated  by  curves 
Nos.  5,  6,  and  7  are  very  nearly  constant  for  all  percentages  of  ash 
within  the  limits  investigated.    The  only  losses  that  show  any 
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ASH  IN  GOAL  AS  FIRED,  PERCENT. 

FiouBS  43.— Cuires  showing  the  lelation  of  the  percentage  of  ash  in  coal  to:  Combustion-chamber  temper- 
ature (No.  1);  floe-gas  temperatore  (No.  2);  pounds  of  dry  chimney  gases  per  i)ound  of  "combustible" 
(No.  S);  capacity  derelopad  by  boHar  (No.  4);  moistaia  in  coal  as  fired  (No.  6).  Teats  made  with  BUDois 
eoalsonly. 
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appreciable  change  when  the  percentage  of  ash  in  the  coal  increases 
are  the  chimney  loss  and  the  unaccounted-for  losses.  Their  changes, 
however,  are  in  opposite  directions,  so  that  they  nearly  neutralize 
each  other.  According  to  curve  No.  3,  the  heat  loss  in  the  dry 
chimney  gases  increases  about  4.5  per  cent  when  the  ash  in  the  coal 
increases  from  5  to  17  per  cent.  As  shown  by  curves  Nos.  2  and  3, 
figure  43,  this  greater  heat  loss  up  the  stack  is  due  entirely  to  a  larger 
air  supply.  Curve  No.  4,  figure  42,  indicates  that  the  unaccounted- 
for  heat  losses  decrease  about  3  per  cent  when  the  ash  in  the  coal 
increases  from  5  to  17  per  cent.  Very  likely  the  larger  air  supply 
causes  a  better  combustion  of  the  gases  leaving  the  fuel  bed,  so  that 
on  the  whole  the  completeness  of  combustion  is  improved  by  3  per 
cent.  This  gain  is  undoubtedly  possible  only  in  the  large  combustion 
space  of  this  particular  furnace.  The  path  of  the  gases  from  the  fuel 
bed  to  the  opening  into  the  tube  chamber  is  long  enough  for  the  com- 
bustible gases  to  mix  with  the  excess  of  air  and  bum.  The  difference 
between  the  increase  in  the  heat  losses  shown  in  curve  No.  3  and  the 
decrease  shown  in  curve  No.  4  is  1.5  per  cent.  This  is  about  the 
same  as  indicated  by  curve  No.  1. 

Curve  No.  5  of  figure  43  shows  that  the  per  cent  of  moisture  in  the 
coal  remains  approximately  the  same  for  all  percentages  of  ash  and 
therefore  does  not  enter  into  figures  42  and  43  as  a  factor  influencrag 
the  results  of  steaming  tests. 

Curve  No.  4,  figure  43,  shows  that,  in  general,  the  capacity  de- 
creases with  the  increasing  percentage  of  ash  in  the  coal. 

Considering  the  indication  of  the  last  two  figures,  one  may  conclude 
that,  within  the  limits  of  5  and  17  per  cent,  ash  in  the  coal  affects  the 
efficiency  of  the  steam-generating  apparatus  but  little.  The  drop 
of  1.5  to  2  per  cent  in  efficiency  is  entirely  due  to  increased  air  supply. 

The  reduction  in  capacity  is  caused  by  lower  possible  rates  of  com- 
bustion and  the  suspension  of  furnace  operation  during  the  removal 
of  clinker  from  the  grate. 

The  above  conclusions  are  applicable  with  certainty  only  to  a 
hand-fired  Heine  furnace. 

EFFECT  OF  MOISTUBB   IN   COAL  ON  THE   RESULTS   OF  TESTS. 

Coal  when  burned  always  contains  some  moisture  even  though 
the  coal  may  appear  perfectly  dry.  Absolutely  dry  coal  is  known 
only  to  the  chemist,  and  he  finds  it  difficult  to  keep  it  in  that  state 
because  dry  coal  absorbs  moisture  readily  from  the  atmosphere. 

Various  kinds  of  coals  hold,  without  appearing  wet,  different  per- 
centages of  moisture.  High-grade  eastern  bituminous  coal  may  run 
3  to  5  per  cent  in  moisture,  while  the  North  Dakota  lignites  hold  40 
or  more  per  cent  of  moisture  when  ntiined. 

When  coal  is  used  for  steaming  purposes  the  effect  its  moisture 
has  on  the  economic  results  depends  on  the  quantity  of  moisture 
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contained  in  the  coal.  Though  in  moderate  percentage  the  moisture 
may  be  harmless  or  may  even  prove  beneficial,  in  large  quantities  it 
undoubtedly  reduces  the  useful  effect  of  the  heat  in  the  coal.  The 
term '' moderate  percentage"  may  have  different  values  with  different 
coals.  We  often  hear  of  a  perfectly  sane  engineer  who  claims  he 
gets  better  results  in  his  steam  plant  by  wetting  his  coal.  It  is 
possible  that  the  presence  of  a  certain  amount  of  water  vapor  in  the 
furnace  facilitates  combustion  of  the  volatile  combustible.  The 
heat  lost  in  the  free  moisture  of  the  coal  is  not  as  large  as  it  may  at 
first  appear  to  be;  thus  with  coals  containing  10  per  cent  moisture 
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FiouBB  44.— Ciure  showlzig  tlie  effect  of  moisture  In  coal  on  the  combined  efficiency  of  boiler  and  com- 
bustion space.    Testa  101  to  410. 

the  heat  loss  accoimtable  to  the  moisture  is  about  1  per  cent^  with 
coals  containing  17  per  cent  moisture  the  heat  loss  is  about  2  per 
cent.  With  the  ordinary  amount  of  hydrogen  in  the  coal  the  heat 
loss  in  the  moisture  formed  by  the  burning  of  the  hydrogen  is  about 
4  per  cent.  It  is  apparent  that  if  the  moisture  in  the  coal  is  increased 
by  wetting  until  it  is  from  10  to  15  per  cent,  the  increase  in  the  heat 
loss  in  free  moisture  is  less  than  1  per  cent,  a  loss  that  may  be  more 
than  offset  by  obtaining  better  combustion. 

.  Of  course,  with  lignites  high  in  moisture  and  low  in  heat  value  the 
heat  loss  accountable  to  moisture  may  reach  as  high  as  10  per  cent  of 
the  total  heat  in  the  coal. 
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If  coal  is  purchased  merely  on  the  weight  basis,  moisture  is 
objectionable  because  the  buyer  pays  a  good  price  for  something 
that  has  no  value  to  him.  In  this  respect  the  moisture  is  as  unde- 
sirable as  the  ash.  In  the  boiler  room  moisture  has  the  advantage 
over  ash  in  that  it  does  not  need  to  be  removed  from  the  fires  and  the 
boiler  room. 

Figure  44  has  been  platted  to  show  the  effect  of  the  moisture  in 
coal  on  the  combined  efficiency  of  the  boiler  and  the  combustion  space. 
All  tests  made  on  boilers  Nos.  1  and  2  were  used  in  its  preparation 
regardless  of  the  nature  of  the  coals.  This  fact  makes  the  curve  some- 
what misleading,  inasmuch  as  the  coals  high  in  moisture  contain  also 
high  percentages  of  ash,  so  that  the  effect  shown  by  the  curve  is  to 
some  extent  the  combined  effect  of  the  moisture,  ash,  and  perhaps 
of  some  other  factors. 

The  numbers  at  each  point  indicate  the  highest  and  lowest  efficiency 
obtained  within  each  group  of  tests. 

Figures  45  and  46  were  prepared  from  tests  made  with  Illinois  coals 
only.  By  using  coals  from  one  coal  field  the  effect  of  the  chemical 
composition  of  the  coal  is  nearly  eliminated,  and  the  curves  more 
nearly  show  the  moisture  effects  not  destroyed  or  exaggerated  by 
other  factors.  The  two  figures  were  prepared  by  grouping  the  tests 
on  the  basis  of  the  percentage  of  moisture  in  the  coal. 

The  numbers  near  the  points  of  curve  No.  1,  figure  45,  denote  the 
highest  and  the  lowest  combined  efficiencies  of  the  boiler  and  the  com- 
bustion space  of  each  group  of  tests.  The  ordinates  of  curves  Nos.  I, 
3,  4,  6,  and  7  show  how  the  heat  of  the  combustible  ascending  from 
the  grate  has  been  distributed.  The  heat  is  expressed  in  percentages 
and  therefore  the  ordinates  of  these  six  curves  should  add  to  100. 
Ordinates  of  curve  No.  2  are  expressed  in  percentages  of  the  heat  of 
the  coal  fired  on  the  grate. 

Curve  No.  1  shows  that  as  the  moisture  in  the  coal  increases  from  7 
to  16.5  per  cent  the  combined  efficiency  of  the  boiler  and  combustion 
space  drops  about  4.5  per  cent.  According  to  curves  Nos.  3  to  7 
this  increased  heat  loss  of  4.5  per  cent  can  be  accoimted  as  follows: 

The  heat  loss  in  the  diy  chimney  gaaes  is  increased  about  1.7  per 
cent,  through  larger  air  supply  and  slightly  higher  flue-gas  tempera- 
ture, as  is  shown  by  curve  No.  3,  figure  45,  and  curves  Nos.  2  and  3, 
figure  46.  As  shown  by  curve  No.  4,  figure  45,  the  unaccounted-for 
losses  increase  about  1 .5  per  cent.  This  increase  in  the  heat  loss  is  per- 
haps largely  due  to  less  complete  combustion,  although  this  explana- 
tion is  not  quite  confirmed  by  curve  No.  7.  It  is  also  possible  that  a 
small  part  of  this  larger  heat  loss  is  due  to  increased  radiation  losses. 
Curve  No.  4,  figure  46,  shows  that  the  capacity  drops  as  the  moisture 
in  coal  increases.  The  amount  of  heat  radiated  from  the  boiler  and 
its  setting  is  about  the  same  in  quantity,  so  that  as  the  capacity  drops 
the  radiation  loss  becomes  larger. 
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Curve  No.  5,  figure  45,  shows  that  about  0.5  per  cent  of  the  increased 
heat  loss  can  be  ascribed  to  a  somewhat  larger  loss  in  the  moisture 
formed  by  burning  the  hydrogen. 
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FiouBB  45.— OixiTa  showing  the  effect  of  moisture  in  ooal  on:  Combined  efficiency  of  the  boiler  and  the  oom- 
bostion  spece  (No.  1);  over-all  efficiency  of  the  steam-generating  apparatus  (No.  2);  heat  loss  in  dry 
ditmney  gases  (No.  3);  radiation  and  unaccounted-for  losses  (No.  4);  heat  loss  in  moisture  formed  by 
baming  hydrogen  (No.  6);  heat  loss  in  moistore  in  ooal  (No.  6);  heat  loss  in  CO  (No.  7).  Tests  made 
with  Diinois  coals  only. 

Curve  No.  5,  of  figure  46,  indicates  that  the  average  percentage  of 
ash  for  each  group  of  tests  remains  nearly  constant  as  the  moisture 
in  the  coal  increases,  and,  therefore,  the  effect  of  the  ash  is  nearly 
absent  in  the  last  two  figures. 
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From  figures  45  and  46  one  may  conclude  that  moisture  in  the  coal 
reduces  the  efficiency  of  the  steam-generating  apparatus  by  (a) 
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Figure  46.— Curves  showing  the  relation  of  the  percentage  of  moisture  in  ooal  to:  Combustloa-cliamber 
temperature  (No.  1);  flue-gas  temperature  (No.  2);  pounds  of  dry  chimney  gases  per  pound  of  com- 
bustible (No.  3);  capacity  developed  by  boiler  (No.  4);  ash  in  coal  as  fired  (No.  5).  Tests  made  with 
Illinois  coals  only. 

increasing  the  heat  carried  away  in  the  dry  chimney  gases,  due  to 
larger  air  supply  and  slightly  higher  flue-gas  temperature;  (ft)  by 
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increasing  the  heat  carried  away  by  the  moisture  itself;  and  (r)  by 
the  escape  of  a  larger  quantity  of  free  hydrogen. 

The  reduction  of  the  capacity  of  the  boiler  is  caused  by  a  lower 
rate  of  combustion  caused  probably  by  the  dilution  of  the  oxygen 
by  the  lai^e  quantity  of  water  vapor.  (See  section  on  "Principles 
involved  in  the  combustion  of  coal  in  boiler  fmnaces/'  pages  330  to 
340.") 

Comparison  of  iBgures  42  and  45  brings  out  the  fact  that  moist\u*e 
in  the  coal  reduces  the  efficiency  of  the  steam-generating  apparatus 
more  than  the  same  percentage  of  ash.  This  fact  may  appear  strange 
until  one  stops  to  think  that  as  long  as  all  the  combustible  is  burned 
with  economical  air  supply  the  ash  itself  has  no  heat-absorbing  prop- 
erties. On  the  other  hand,  water  vapor,  besides  having  some  prop- 
erty of  hindering  the  rate  of  combustion,  has  great  heat-absorbing 
capacity  because  of  its  high  latent  heat  and  its  high  heat  of  formation 
or  decomposition. 

EFFECT  OF  SULPHUR  ON   RESULTS   OF  TESTS. 

Sulphur  is  an  undesirable  element  in  coal.  It  often  occurs  com- 
bined with  iron  as  iron  pyrites.  In  such  combination  it  is  worthless 
as  fuel,  although  in  a  free  state  it  has  a  heating  value  of  about  4,000 
B.  t.  u.  per  pound.  Pyrites  can  be  readily  recognized  by  its  heavy 
weight  and  bright  brass-like  color.  Sidphur  is  also  contained  in  coal 
in  combination  with  calcium  as  gypsum  or  calcium  sulphate.  This 
mineral  occurs  in  thin  white  flakes  more  or  less  transparent.  Of 
the  two  sulphiu*  compounds  the  pyrites  is  usually  contained  in  coal 
in  larger  quantity,  and  is  objectionable  on  account  of  its  increasing  the 
tendency  of  the  coal  to  clinker.  The  chnkering  is  particularly  bad  if 
the  percentage  of  ash  is  small  in  proportion  to  the  sulphm*.  Under 
such  conditions  the  ash  appears  especially  fusible  and  forms  tliin 
layers  of  soUd  clinker,  which  effectively  stop  the  flow  of  air  through 
the  fuel  bed  and  permit  the  grate  bars  to  become  heated.  On  account 
of  the  lack  of  flow  of  air  through  the  grate  the  cUnker  is  kept  in  a 
molten  state  and  runs  down  between  the  grate  bars.  At  such  high 
temperatures  the  sulphur  attacks  the  iron  of  the  grate  bars.  The 
grate  may  be  destroyed  in  the  course  of  a  few  days  by  the  corrosive 
action  of  the  molten  clinker  and  the  excessively  high  temperature. 

When  such  clinkers  form,  any  attempt  to  loosen  them  with  a  slice 
bar  fails  and  only  laborious  cleaning  of  the  fires  will  temporarily 
improve  the  conditions. 

When  coals  which  clinker  badly  are  burned  on  a  plain  or  a  rocking 
grate  the  clinker  may  be  usually  prevented  from  running  between 
the  grate  bars  by  blowing  steam  under  the  grate.  The  explanation 
given  for  this  effect  of  the  steam  on  the  cUnkers  is  that  the  steam 
when  passing  the  hot  cUnkers  is  decomposed  into  hydrogen  and  oxy- 
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geiL  This  decomposition  is  a  cooling  process  and  the  heat  needed 
to  effect  it  is  taken  from  the  hot  clinker,  thus  cooling  the  latter  below 
its  melting  point. 

The  use  of  steam  as  a  remedy  for  clinker  troubles  was  found  to 
work  satisfactorily  with  most  of  the  coals,  particularly  those  high  in 
ash  and  sulphur.     However,  for  coals  yery  low  in  asAi,  this  remedy 
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FiouBX  47.— Curves  showing  the  effect  of  the  percentage  of  sulphur  in  dry  ooaI  do:  Combostibii-chamber 
temperature  (No.  1);  pounds  of  dry  chimney  gases  per  pound  of  ^'combustible"  (No.  2);  combined 
efficiency  of  boiler  and  combustion  space  (No.  3).   Tests  made  in  boilen  Nob.  1  and  2;  all  coals  Indndcd. 

sometimes  proved  insufficient.  In  such  cases  crushed  limestone, 
spread  over  the  thin,  clean  fuel  bed  inunediately  on  starting  the  tests, 
generally  prevented  trouble  from  running  clinkers. 

To  make  a  general  statement,  it  may  be  said  that  the  tendency  of 
a  coal  to  clinker  varies  directly  with  the  percentage  of  sulphur  and 
inversely  with  the  percentage  of  ash  in  the  coal. 
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Sulphur  in  coal  affects  the  economy  of  the  steani-f;enerating 
apparatus  in  that  it  forms  clinkers  which  hinder  proper  distribution 
of  air.  Thus,  sulphur  may  be  the  cause  of  local  excess  or  deficiency 
of  air  and  the  accompanying  heat  losses  in  the  dry  chimney  gases  or 
in  incomplete  combustion. 

To  find  what  influence  sulphur  in  coal  has  on  the  results  of  tests, 
figure  47  has  been  prepared  trora  all  the  tests  made  on  boilers  Nos.  1 
and  2,  regardless  of  the  kind  of  coal.  The  tests  were  grouped  on 
the  basis  of  the  percentage  of  sulphur  in  the  coal. 

According  to  curve  No.  3,  figure  47,  the  combined  efficiency  of  the 
boiler  and  combustion  space  drops  about  3  per  cent  as  the  sulphur 
in  dry  coal  increases  from  0.5  to  6  per  cent.  This  drop  in  the  effi- 
ciency is  largely  due  to  the  increased  air  supply,  as  shown  by  curve 
No.  2. 

Inasmuch  as  figure  47  is  prepared  from  tests  made  with  all  grades 
of  coals,  the  curves  may  show  the  effects  of  other  factors  besides  that 
of  the  sulphur.  These  other  factors  may  exaggerate  or  neutralize 
the  effect  of  sulphur  so  that  the  indication- of  the  curves  may  be 
somewhat  misleading.  In  order  to  eliminate  most  of  these  disturbing 
factors  and  to  get  at  the  effect  of  the  sulphur  alone,  figures  48  and 
49  were  prepared  from  tests  made  with  Illinois  coals.  Figure  48 
shows  graphically  the  average  distribution  of  heat  as  given  in  the 
heat  balance  in  Table  4. 

Curve  No.  1,  figure  48,  shows  that  the  combined  efficiency  of  the 
boiler  and  combustion  space  drops  about  3  per  cent  when  the  sulphur 
in  coal  increases  from  0.5  to  5.5  per  cent,  which  is  about  the  same 
drop  as  shown  by  curve  No.  3,  figure  47.  Of  this  3  per  cent  about  2.5 
can  be  charged  to  increased  heat  loss  in  the  dry  chimney  gases  because 
of  a  larger  air  supply.  The  remaining  0.5  per  cent  can  be  ascribed  to 
slightly  higher  heat  losses  in  the  moisture  in  coal  and  that  formed  by 
burning  the  hydrogen  of  the  combustible.  Neither  the  unaccoimted- 
for  losses,  curve  No.  4,  nor  the  CO,  curve  No.  7,  shows  any  increase 
of  incomplete  combustion. 

Curves  Nos.  1  and  2  are  nearly  parallel,  indicating  that  the  average 
loss  of  combustible  in  the  refuse  is  about  constant,  no  matter  what 
the  percentage  of  sulphur  in  the  coal  may  be. 

Curve  No.  3,  figure  49,  indicates  a  general  drop  of  about  8  per  cent 
in  the  capacity  of  the  boiler  as  the  sulphur  in  the  coal  increases  from 
0.6  to  6.5  per  cent.  Undoubtedly  the  increased  amount  of  clinker 
formed  with  larger  percentages  of  sulphur  reduces  the  rate  of  com- 
bustion, thereby  decreasing  the  capacity.  The  lower  rates  of  com- 
bustion at  the  right  of  the  figure  tend  to  improve  the  completeness 
of  combustion,  as  suggested  by  curves  Nos.  4  and  5,  figure  48. 

Curves  Nos.  4  and  5,  figure  49,  indicate  liigher  percentages  of  ash 
and  moisture  in  the  coal.    Possibly  the  increase  of  these  two  con- 
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stituents  partly  accounts  for  the  drop  in  efficiency  shown  by  curve 
No.  1,  figure  48. 

Figure  50  has  been  prepared  by  grouping  the  tests  on  the  basis  of  the 
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Figure  48.— Curves  showing  the  effect  of  the  percentage  of  sulphur  In  ooal  on:  Combined  efAdeneyof 
boiler  and  oombustion  space  (No.  1);  over-all  efHciency  of  the  steam-genenting  apparatus  (No.  2);  heat 
loss  In  dry  chimney  gases  (No.  3);  radiation  and  unaooounted-for  losses  (No.  4);  heat  loss  in  matetare 
formed  by  burning  hydrogen  (No.  6);  heat  loss  in  moisture  hi  coal  (No.  6);  heat  loss  hi  CO  (No.  7).  Tests 
made  with  Illinois  ooals  only. 

combined  efficiency  of  the  boiler  and  the  combustion  space.  The  object 
of  curve  No.  1  Ls  to  show  whether,  in  general,  tests  showing  high  effi- 
ciency were  made  with  coals  low  in  sulphur  and  low-efficiency  tests 
with  coals  high  in  sulphur.    The  finding  is  that  the  tests  showing  the 
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SULPHUB  IN  COAL  (SEPARATELY  DETERMINED),  PER  GENT. 


6.0 


FiQVBB  49.— Curveo  showing  the  relation  of  the  percentage  of  sulphur  In  coal  to:  Flue-gas  temperature 
(No.  1);  pounds  of  dry  chimney  gases  per  pound  of  "combustible"  (No.  2);  capacity  developed  by  boiler 
(No.  3);  aah  In  ooal  (No.  4);  moisture  in  toal  (No.  6);  ratio  of  sulphur  to  ash  (No.  6).  Tests  made  with 
Illinois  ooals  only.   Tests  101  to  125  rejected. 
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highest  efficiency  were  made  with  coals  low  in  sulphur,  but  that  there 
is  no  difference  in  the  sulphur  contents  between  coals  which  gave 
medium  and  low  efficiencies. 
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OOUBIKED  EFFICIENCY  OF  BOILER  AND  COMBUSTION  SPACE,  PEROEHT. 

FiQURK  50.— Corves  showing  the  relation  of  the  combined  efficiency  of  the  boUer  and  theoombastkm 
to  the  percentage  of  sulphur  in  coal  (No.  1 )  and  the  percentage  of  clinker  in  refuse  (No.  2).    Testa  made 
on  boilers  Nos.  1  and  2;  all  coals  included. 

The  lower  group  of  points  (No.  2)  is  so  scattered  that  it  is  impossible 
to  draw  a  curve  through  thein  which  would  show  a  logical  relation. 
The  indication  is  that  there  is  no  definite  relation  between  the  amount 
of  clinker  and  the  efficiency.     Probably  the  character  of  the  clinker 
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has  more  to  do  with  the  results  of  a  test  than  the  quantity.    Doubtless 
a  heavy  solid  clinker  is  much  more  injurious  than  a  light  porous  one. 

The  lower  group  of  points  (No.  2}  of  figure  51  show  a  similar  lack 
of  relation  between  the  quantity  of  clinker  and  the  combined  effi- 
ciency. It  would  be  unwise  to  claim  that  the  best  results  are  obtained 
when  about  half  of  the  refuse  comes  out  of  the  furnace  in  the  form  of 
clinker,  which  is  about  what  the 
points  indicate. 

Curve  No.  1,  figure  51;  confijrms 
the  statement  made  elsewhere  that 
sulphur  in  the  coal  increases  the 
tendency  of  the  coal  to  clinker. 
Tests  showing  the  highest  amount 
of  clinker  were  made  with  coals 
having  the  highest  percentages  of 
sulphur. 

From  the  indication  of  figures 
47  to  51,  inclusive,  we  can  deduce 
the  foUowing  conclusions: 

Sulphur  in  a  coal  increases  its 
tendency  to  clinker.  The  pres- 
ence of  clinker  on  the  grate  hin- 
ders a  proper  distribution  of  air 
through  the  fuel  bed  in  such  a 
way  that  more  air  is  used  to  bum 
1  pound  of  combustible  than  is 
required  to  obtain  good  economy. 
The  excess  of  air  is  the  chief  cause 
of  the  heat  loss  incurred  by  the  sulphur  in  the  coal ;  on  account  of  the 
large  supply  of  air  and  the  reduced  rate  of  combustion  the  complete- 
ness of  combustion  is  not  affected  by  the  sulphur  to  an  appreciable 
extent. 

Sulphur  in  the  coal  reduces  the  rate  of  combustion,  and  thereby 
reduces  the  capacity  of  the  boiler. 

RSLATION    BETWEEN    OXTOEN    IN    GOAL    AND    THE    COMBINED    EFFI- 
CIENCY OF  THE    BOILEB  AND  THE   COMBUSTION   SPACE. 

According  to  figure  52,  the  combined  efficiency  of  the  boiler  and 
the  combustion  space  drops  about  8  per  cent  when  the  oxygen  in  the 
coal  increases  from  3  to  15  per  cent.  This  relation  is  purely  inci- 
dental, as  no  logical  course  of  reasoning  can  demonstrate  that  the 
oxygen  in  the  coal  would  in  any  way  be  a  cause  of  large  excess  of  air 
or  incomplete  combustion,  which  are  the  two  chief  sources  of  loss  in  the 
operation  of  a  steam-generating  apparatus.  Undoubtedly  the  drop 
in  the  efficiency  ia  caused  directly  by  the  increasing  percentages  of 


•0  40 

CamCER  IN  REFUSE,  PER  CEKT. 


Fiouxx  5L— GniTefl  showing  the  relation  of  the  per- 
centage of  cUnker  In  refuse  to  the  percentage  of 
solphor  in  coal  (separately  determined)  (No.  1); 
and  to  the  combined  efficiency  of  the  boiler  and 
the  combustion  space  (No.  2).  Tests  made  on 
boilers  Nos.  1  and  2;  all  coals  included. 
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moisture  and  ash  in  the  coal.  Consultation  of  the  chemical  compo- 
sition of  the  coals  given  in  columns  39  to  49,  inclusive,  Table  4, 
wUl  reveal  the  fact  that  coals  high  in  oxygen  always  contain  high 
percentages  of  moisture  or  ash,  or  both. 

EFFECT    OF    VOLATILB    CARBON    ON    THE    COMBINED    EFFICIENCY    OF 

THE   BOILEB  AND  THE   COMBUSTION   SPACE. 

The  volatile  combustible  of  coal  consists  almost  entirely  of  hydro- 
gen and  carbon.  The  percentage  of  hydrogen  varies  with  different 
coals  from  3.5  to  5  per  cent  and  is  therefore  approximately  constant 
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QXTGEN  IN  COAL,  MOISTU2CE  AND  ASH  JBEE,  FSRCEMT. 

FiOTTBE  52.— Curve  showing  the  relatfon  of  the  peroentage  of  oxygen  In  moisture  and  ash  finee  coal  to  the 
combined  efficiency  of  the  boiler  and  the  combustion  space.  Tests  made  on  boilers  Nos.  1  and  2;  all  ooals 
included. 

for  all  coals.  The  volatile  carbon,  on  the  other  hand,  varies  in  dif- 
ferent coals  from  7  to  35  per  cent.  Therefore  one  can  say  that  the 
percentage  of  volatile  combustible  depends  almost  entirely  on  the 
amount  of  volatile  carbon;  the  higher  the  volatile  carbon  the  higher 
is  the  volatile  combustible.  It  is  obvious  that  when  the  volatile 
combustible  varies  in  quantity  it  also  varies  in  chemical  composi- 
tion; that  is,  the  higher  a  coal  runs  in  volatile  matter  the  heavier 
are  the  hydrocarbons  constituting  the  volatile  combustible.  The 
heavy  hydrocarbons  are  very  difficult  to  bum  within  any  limited 
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combustion  space.  Hence  when  the  volatile  matter  in  coal  increases 
not  only  is  there  more  volatile  comhustible  to  bum,  but  the  latter 
consiata  of  such  compounds  as  present  serious  difficulties  in  burning. 
For  these  reasons  one  may  expect  teata  made  with  coals  high  in  vola^ 
tile  carbon  to  show  less  complete  combustion  and  therefore  lower 
eiBciency  than  tests  made  with  coals  low  in  volatile  carbon.  That 
Buch  a  relation  exists  is  shown  by  figure  53. 

The  figure  indicates  that  as  the  volatile  carbon  increases  from  6  to 
40  per  cent,  the  combined  efficiency  of  the  boiler  and  the  combustion 
space  dro|»  from  67  to  58  per  cent.    This  drop  in  the  combined 


a  SS.— Cum  ahowlzig  the  effect 


(■  made  on  boUeni  No*.  1  *iiil  2; 

efficiency,  shown  in  figure  53,  is  not,  however,  entirely  due  to  tlie  in- 
creaEong  percentage  of  volatile  carbon. 

Perhaps  one-htdf  to  two-thirds  of  it  is  caused  by  tlic  increasing 
percent^es  of  moisture  and  ash.  Coab  high  in  volatile  carbon  gen- 
erally contain  high  percentages  of  moisture  and  ash. 

RELATION  OF  CAEBON-HYDEOGEN  EATI08  TO   RESULTS  OF  TESTS. 

In  Professional  Paper  48,  of  the  United  States  Geological  Survey, 
page  168,  M.  R.  Campbell  proposed  a  classification  of  coals  on  the 
basis  of  the  ratio  of  carbon  to  hydri^en.    His  reason  for  selecting 
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this  basis  was  that  carbon  and  hydrogen  are  the  chief  constituents 
of  the  combustible  matter  of  coal  and;  therefore,  any  classification 
of  coals  to  be  of  any  practical  and  scientific  value  must  use  some 
combination  of  these  two  elements  for  its  basis.  He  considered  the 
ratio  of  carbon  to  hydrogen  as  the  best  combination.  Classification 
of  coals  on  this  basis  is  perhaps  a  fair  one  for  scientific  purposes.  It 
is  precise  and  is  equally  applicable  to  all  classes  of  coals  from  the  high- 
est grade  of  anthi^ite  to  the  broimi  lignites.  It  should  also  be  useful 
as  a  basis  on  which  to  estimate  the  value  of  various  types  of  coals  for 
steaming  purposes. 

The  study  of  previous  charts  has  revealed  the  fact  that  the  three 
most  important  variable  heat  losses  in  the  process  of  steam  generation 
are,  in  order: 

(a)  Heat  loss  in  excessiye  supply  of  air. 

(b)  Heat  loss  in  incomplete  combustion. 

(c)  Heat  carried  away  in  the  moisture  of  coal. 

It  has  been  shown  that  the  loss  under  (a)  increases  considerablv 
with  the  percentage  of  ash  and  sulphur  and  shghtly  with  the  mois- 
ture in  coal. 

The  loss  under  (ft)  increases  with  the  percentage  of  volatile  com- 
bustible and  also  with  the  moisture  in  coal.  It  has  been  suggested 
that  in  the  latter  case  incomplete  combustion  is  increased  because 
of  the  escape  of  larger  quantities  of  free  hydrogen. 

The  loss  under  (c)  increases  directly  with  the  moisture  in  coal. 

The  most  useful  classification  giving  the  value  of  coals  for  steaming 
purposes  would  be  one  based  on  all  the  above  factors,  namely,  ash, 
sulphur,  moisture,  and  volatile  combustible. 

Since  the  volatile  combustible  increases  as  the  carbon-hydrogen 
ratio  becomes  smaUer  and,  also,  if  hydrogen  is  taken  in  percentage 
of  moist  coal,  the  moisture  in  coal  increases  as  the  ratio  decreases, 
classification  on  the  carbon-hydrogen  basis  includes  directly  two  fac- 
tors which  affect  the  efficiency  of  the  steam-generating  apparatus. 
Generally,  coals  of  high  carbon-hydrogen  ratio  contain  low  percent- 
ages of  ash,  and  coals  having  low  carbon-hydrogen  ratios  have  high 
percentages  of  ash.  Therefore  classification  on  the  carbon-hydrogen 
ratio  may  include  incidentally  the  ash  factor  and,  perhaps,  also,  the 
sulphur.  One  would,  therefore,  rightly  expect  a  rise  in  the  combined 
efficiency  of  the  boiler  and  the  combustion  space  with  an  increasing 
carbon-hydrogen  ratio. 

R.  H.  Kuss  and  H.  W.  Weeks,  formerly  members  of  the  steam- 
engineering  section,  have  classified  most  of  the  coals  tested  with 
boUers  Nos.  1  and  2,  and  prepared  figures  54  to  57,  inclusive.  These 
figures  were  intended  to  show  the  relation  of  the  carbon-hydrogen 
ratio  to  the  results  of  the  steaming  tests. 

The  carbon-hydrogen  ratios  of  figure  54  were  computed  from  the 
ultimate  analyses  of  boiler-room  samples  of  coal  by  the  chemical  lab- 
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12  14  16 

CARBON-HYDROOBN  RATIO  IN  COAL  AS  RECEIVED. 

FiotTBi  64.— Curves  showing  the  relation  of  the  carbon-hydrogen  ratio  of  coal  as  received  to:  Heat  value 
of  dry  coal  (No.  1);  combustion-chamber  temperature  (No.  2);  pounds  of  dr}^  chimney  gases  per  pound 
of  "combustible"  (No.  3);  capacity  developed  by  boiler  (No.  4);  combined  efficiency  of  boiler  and 
oombiiBtion  space  (No.  5). 
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oratoiy.   These  ratios  were  divided  into  six  groups  and  several  items 
in  each  group  were  averaged  and  platted. 

The  two  numbers  at  each  point  of  the  capacity  curve  indicate  the 
highest  and  the  lowest  capacity  obtained  ¥dth  each  group  of  testa. 
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OARBON-HYDROQEN  RATIO  IH  AliU  DRIED  COAL. 

FiauRE  55.— Curves  showing  the  relation  of  the  carbon-hydrogen  ratio  of  almiried  ooal  to:  Combineil 
efHciency  of  boiler  and  combustion  space  (No.  1),  tests  1  to  78  run  at  about  the  capacity  of  the  boikr; 
capacity  developed  by  boiler  (No.  2),  testa  120  to  401;  combined  effideDcy  of  boiler  and  oombnstloB 
space  (No.  3),  tests  120  to  401,  washed  and  briquetted  coals  rejected. 

As  shown  in  figures  17  and  19,  the  combined  efficiency  yaries  with  the 
capacity.  This  variation  in  the  capacity  of  each  group  of  tests 
accounts,  to  some  extent,  for  the  variation  in  the  combined  efficiency 
indicated  by  the  two  numbers  at  each  point. 
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Curve  No.  5  shows  ibat  the  combined  efficiency  rises  as  the  carbon- 
hydrogen  ratio  becomes  larger.  According  to  curve  No.  3,  the  heat 
los  in  the  diy  chimney  gases  remains  nearly  constant,  so  that  the  low 
efficiency  at  the  left  of  the  curve  is  caused  by  heat  loss  in  incomplete 
combustion  (b)  and  the  heat  carried  away  in  the  moisture  in  coal  (c). 

Ilie  carbon-hydn^en  ratios  used  in  the  preparation  of  figure  55 
were  computed  for  air-dried 
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coal  from  the  chemical  data 
^m  car  samples,  inasmuch 
8d  data  from  boiler-room 
samples  were  not  available 
for  the  computation.  It  is 
true  that  the  moisture  in  air- 
dried  coal,  and,  therefore, 
the  oarbon-hydrt^en  ratio, 
varies  with  the  atmospheric 
conditions,  but  the  variation 
is  so  small  that  Its  effect  is 
lost  among  the  combined  ef- 
fects of  other  factors  which 
are  apt  to  vary  over  a  con- 
siderable range. 

The  data  for  curve  No.  I 
were  obtained  from  the  first 
78  steaming  tests.  AH  these 
tests  were  run  at  about  the 
rated  capacity  of  the  boiler 
so  that  the  effect  of  the 
capacity  is  eliminated.  The 
points  fall  well  along  a 
smooth  curve. 

The  data  for  curves  Nos.  2 
and  3  were  obtuned  from 
tests  120  to  401,  inclusive. 
The  capacity  in  these  tests 
varied  over  a  considerable 
range,  and  the  variation  ac- 
counts to  some  extent  for  the 
fact  that  the  points  of  curve  No.  3  do  not  fall  so  well  along  a  smooth 
curve  as  those  of  curve  No.  1.  Both  of  the  curves,  however,  show 
a  decided  rise  in  the  combined  efficiency  as  the  carbon-hydrogen 
ratio  becomes  larger. 

The  carbon-hydrogen  ratios  Used  in  the  preparation  of  figure  56 
were  determined  from  the  ultimate  analyses  of  dry  coal  of  boiler-room 
■amplfls.     By  figuring  the  ratio  on  the  basis  of  dry  coal  that  part 
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FiockE  U.— Cants  ibovliig  the  relBtiDn  of  the  cubon- 
hydrogea  iatk>  at  dry  coal  to:  Best  loas  Id  CO  (No.  l): 
camhiulkHMhamber  lamponttiue  (No.  2);  poiinda  Of  dry 
cbiniii«i'  gasei  per  pound  of  "oombtutible"  (No.  3); 
capacity  dovelQped  by  boiler  (Xo.  4);  oranblned  efflclency 
otbolhruidoombuBtkoBpaoe(No.G).    Tuta  130 to 380. 
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of  the  hydrogen  which  forms  the  free  moisture  of  coal  is  eliminated. 
The  ratios  were  divided  into  seven  groups  and  the  averages  of  each 
group  of  the  several  items  of  the  results  of  the  steaming  teets  furnished 
the  points  shown  in  the  figure. 

In  general  the  indication  of  this  figure  is  the  same  asthatof  thelast 
two  figures.  That  is,  the  combined  efficiency  rises  as  the  carhon- 
hydrc^en  ratio  increases. 

Curve  No.  I  su^eets  that  the  low  efficiency  at  the  left  of  the  figure  ia 
caused  more  by  the  incomplete  combustion  of  the  volatile  combustible 
than  by  excessive  supply  of  air;  curve  No.  3  shows  that  the  latter 
remains  nearly  constant. 


8. 

III 


BATIO  OF  QASBON  TO  AVAII.lBLa  HZDBOOSII. 


No.  I  UuilDdCB  MU  110  ta 


Figure  57  gives  the  relation  between  the  ratio  of  carbon  to  available 
hydrogen  and  the  combined  efficiency  of  the  boiler  and  the  combus- 
tion space.  This  ratio  does  not  show  such  a  good  relation  to  the 
combined  efficiency  as  any  of  tlie  three  ratios  previously  discussed. 
The  true  combustible  presents  trouble  in  burning  under  a  steam  boiler 
in  BO  far  as  it  is  volatile.  The  larger  part  of  the  difficulties  in  burning 
are  brought  about  by  the  impurities  mixed  with  the  coaL  Therefore, 
any  such  classification  as  the  one  under  discussion,  which  is  entirely 
independent  of  the  impurities,  is  not  of  any  service  in  determining 
the  value  of  a  coal  for  steaming  purposes. 

In  figure  58  the  testa  were  grouped  on  the  basis  of  the  ratio  of  the 
hydrogen  in  dry  coal  to  the  available  hydrogen.  The  available 
hydrogen  was  obtained  from  the  following  equation; 
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Available  hydrogen = hydrogen  in  dry  coal — ^    .   ^ — ^ 

The  ratios  used  in  the  figure  are  those  of  tests  124  to  380.    Washed 
and  briquetted  coals  were  rejected.    This  ratio  increases  with  the 
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RATIO  OT  HTDBOOEN  IK  DRT  GOAL  TO  AVAILABLE  HTinU)6EN. 


\A 


FieuBB  58.— Corvw  Bbowflng  the  niatioo  between  tbe  ratio  of  liydrogeQ  in  diy  coal  to  avaUable  hydn^ 
gen  and:  ComboBtioiHShamber  temperature  (No.  1);  heat  loss  in  CO,  per  cent  (No.  2);  capacity  devel- 
oped by  boDer,  per  cent  (No.  3);  combined  effldenny  of  boiler  and  combostion  space,  per  cent  (No.  4). 
Teats  IM  to  380. 

volatile  combustible  in  the  coal.  Therefore,  with  the  high  ratios, 
one  would  at  least  expect  higher  heat  losses,  due  to  incomplete  com- 
bustion of  the  volatile  combustible.    Futhermore,  the  coals  high  in 


262  STEAMING  TESTS  OF  GOALS. 

volatile  matter  generally  contain  high  percentages  of  ash  and  mois- 
ture, so  that  with  high  ratios  of  the  hydrogen  to  available  hydrogen 
there  may  be  incidental  loss,  due  to  large  supply  of  air  and  perhaps 
additional  loss  due  to  the  escape  of  free  hydrogen.  These  heat 
losses,  due  to  the  various  causes  mentioned,  reduce  the  efficiency  of 
coals  having  a  high  ratio  of  hydrogen  to  available  hydrogen.  This 
fact  13  borne  out  by  curve  No.  4.  Curve  No.  2  shows  a  persistent 
increase  in  the  incomplete  combustion  as  the  ratio  becomes  larger. 

Considering  the  indications  of  the  last  four  charts,  the  ratio  of  car- 
bon to  hydrogen  in  coal  as  burned  seems  to  be  the  best  of  the  four 
ratios  discussed  for  showing  the  value  of  coal  for  steaming  purposes. 

RBLATION  OF  THE  HEAT  VALUE  OF  COAL  TO  RBSTTLTS  OF  TESTS. 

In  figure  59  the  grouping  of  the  tests  was  done  on  the  basis  of  the 
B.  t.  u.  per  poimd  of  dry  coal.  The  two  numbers  near  each  point 
of  curve  No.  4  show  the  highest  and  the  lowest  efficiency  of  each 
group  of  tests.  Apparently,  good  efficiency  can  be  sometimes 
obtained  with  coals  low  in  heat  value,  and  high-heat-value  coals 
may  occasionally  show  low  efficiency.  The  slope  of  the  curve  shows 
that  in  general  coals  low  in  heat  value  give  low  efficiency.  This 
indication,  however,  is  due  to  the  ash  and  moisture  in  the  coal  rather 
than  to  the  heat  value.  The  good  low-ash  and  low-moisture  eastern 
coals  fall  to  the  right  of  the  figure  and  the  lignites  and  other  high-ash 
and  high-moisture  coals  to  the  left.  The  efficiency  of  the  coals  low 
in  heat  value  is  reduced  by  (a)  high  losses  in  the  chimney  gases  due 
to  large  excess  of  air  as  shown  by  curve  No.  2,  (&)  less  complete 
combustion  due  to  higher  volatile  combustible  in  the  coal,  higher 
ash,  and  higher  moisture,  and  (c)  higher  loss  in  the  moisture  in  coal. 

The  impurities  in  the  coals  low  in  heat  value  besides  reducing  the 
efficiency  also  reduce  the  capacity  of  the  boiler  to  a  considerable 
extent;  this  is  shown  by  curve  No.  3. 

RELATION  OF  SIZE  OF  COAL  TO  BBSXJLTS  OF  TESTS. 

The  size  of  a  coal  imdoubtedly  has  an  effect  on  the  results  that  can 
be  obtained  with  the  coal  in  a  given  steam-generating  apparatus. 
In  general,  very  fine  coal  does  not  give  good  results  under  a  steam 
boiler  and  is  undesirable  for  that  purpose.  Very  large  lumps  are  gener- 
ally objectionable  as  steaming  fuel  for  obvious  reasons.  There  is  some 
certain  size  or  combination  of  certain  sizes  of  each  coal  that  will  give 
the  best  results  in  a  given  furnace.  To  determine  this  best  size  and  the 
effect  of  decreasing  or  increasing  it,  as  well  as  the  effect  of  the  various 
mixtures  of  the  various  sizes  of  the  various  coals,  would  be  a  laborious 
problem,  similar  to  working  a  problem  of  permutation  and  combina- 
tion by  the  ordinary  arithmetic  method.  Such  determination  would 
require  accurate  sizing  and  mixing  and  a  great  many  duplicate  test^  be- 
fore the  exact  relation  would  be  determined.  The  steam-engineering 
section  of  the  fuel-testing  plant  could  not  go  into  such  specialized 
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lines  of  inyestigation.  It  has,  however,  done  the  best  it  could  under 
the  given  conditions  to  shed  some  light  on  the  question  of  the  best  size 
of  coal.  Commencing  with  test  101,  the  percentages  of  the  various 
sizes  constituting  the  mixtures  in  the  coals  tested  have  been  deter- 
mined accurately.    From  the  percentages  of  the  mixture  the  average 
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▲VSRACEB  OUXEZEa  Of  OQil*  UDOaiS. 

Fiovu  00.— Curres  ihowlxig  the  relation  of  the  average  diameter  of  coal  to:  Combined  tUBckoiDj  of 
boiler  and  oombostion  space  (No.  1);  over-all  efDciency  of  the  steam-generatiDg  apparatus  (No.  2);  heat 
loss  in  dry  chimney  gBaeB(No.3);  radiation  and  nnaoooonted-for  losses  (No.  4);  heat  loss  in  molstare  formed 
by  burning  hydrocm  (No.  6);  heat  lost  in  molstare  of  coal  (No.  6);  heat  loss  In  CO  (No.  7).  All  items 
of  the  heat  balance  are  e^qxressed  as  peroentaces  of  the  heat  of  "oombostible"  aeosodlngirom  the  crate. 

diameter  was  computed  as  a  fictitious  value  of  one  size  coal.  The 
percentages  of  the  various  sizes  and  the  average  diameters  are  given 
in  Table  4.  How  near  or  how  far  this  average  diameter  is  equivalent 
to  the  one-size  coal  is  a  question  not  easily  determined.  The  reader 
may  try  his  own  scheme  of  determining  the  average  value  of  size. 


RELATIONS  OF  TBST  DATA  TO  BE8ULTS  OF  TESTS. 


265 


In  figures  60  and  61  some  of  the  tests  have  been  grouped  on  the 
baais  of  the  average  diameter  of  the  coal.    The  object  of  preparmg 
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ATERAOE  DIAKITTER  OF  COAL,  INCHES. 

noun  61.— CimreB  aihowing  the  relaticm  of  the  average  diameter  of  ooal  to:  Fltie-gas  temperature  (No.  1); 
poonds  of  dr7ehiiiiii«7  gasei  per  pound  of  "oombnstlblo"  (Na  3);  oapadty  developed  by  boiler  (No.  3); 
moisture  In  ooal  as  fired  (No.  4);  aab  in  coal  as  fired  (No.  5);  sulphur  in  ooal  as  fired  (No.  6). 

the  two  figures  was  to  show  the  effect  of  the  diameter  of  the  coal  on 
the  results  of  the  tests.    To  eliminate  other  factors  as  far  as  possible 
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only  tests  made  with  Illinois  coals  were  used  in  the  preparation  of 
the  two  figures* 

According  to  curves  Nos.  1  and  2  of  figure  60  the  best  results  were 
obtained  with  coals  having  an  average  diameter  between  1  and  1.25 
inches.  Curves  Nos.  4  and  7  suggest  that  the  lower  efficiency 
obtained  with  the  smaller  and  the  larger  sizes  was  due  to  less  com- 
plete combustion.  The  heat  loss  up  the  stacks  both  in  dry  gases  and 
the  combined  moisture,  remained  nearly  constant.  The  less  complete 
combustion  was  very  likely  the  result  of  local  deficiency  of  air. 

Curve  No.  3  of  figure  61  shows  a  considerable  rise  in  the  capacity  of 
the  boiler  as  the  average  diameter  of  the  coal  increases  from  0.5  to 
1.25  inches.  However,  for  very  large  sizes  the  capacity  drops  again. 
The  capacity  curve  is  roughly  parallel  to  the  efficiency  curve — that 
is,  the  two  rise  and  fall  together. 

Curves  Nos.  4,  5,  and  6  show  to  what  extent  moisture,  ash,  and 
sulphur  were  active  causes  of  the  change  in  the  efficiency  and  the 
capacity.  The  drops  in  the  percentages  of  moisture,  and  ash  are 
quite  perceptible  up  to  the  point  of  the  highest  efficiency;  un- 
doubtedly these  drops  were  a  factor  in  the  rise  of  the  efficiency. 

In  the  preparation  of  figure  62  all  tests  were  used,  regardless  of  the 
nature  of  the  coal,  and  on  that  account  the  indication  of  the  figure 
is  misleading.  The  good  coals  of  the  Pocahontas  type  crumble  easily 
and  in  the  figure  fall  to  the  extreme  left,  while  tough  and  low-grade 
coals  keep  in  laiger  lumps  and  in  the  figure  fall  to  the  right.  The 
chart  shows,  therefore,  not  only  the  effect  of  size  but  also  the  com- 
bined effect  of  volatile  matter,  ash,  moisture,  and  sulphur.  This  is 
the  reason  why  the  smallest  coal  shows  the  highest  efficiency.  Figure 
62  is  presented  merely  to  show  that  grouping  tests  indiscriminately 
and  platting  the  averages  of  the  groups  does  not  always  give  reliable 
indications. 

SPECIAL  TESTS  MADE  ON  AOCUBATELT  SIZED  BrrUMINOUS  COALS. 

There  were  seven  steaming  tests  made  at  the  fuel-testing  plant  with 
mixed  bituminous  coals  that  had  been  accurately  sized  previous  to 
testing.  The  coal  of  each  test  consisted  of  but  one  size  and  had  been 
obtained  by  passing  the  mixture  through  a  revolving  screen  having 
round  perforations  of  various  sizes.  The  coal  originally  came  from 
several  mines  located  in  the  Illinois  and  Missouri  coal  fields  and  was 
accidentally  mixed  in  a  general  heap  in  consequence  of  a  fire  in  the 
washery  plant. 

Figure  63  shows  some  of  the  many  variations  encountered  when 
making  steaming  tests  on  sized  coals.  Each  of  the  points  in  the 
figure  represents  a  single  test  made  on  a  single  size  of  coal. 

Curves  Nos.  1  and  7  indicate  that  the  various  sizes  were  not  of  the 
same  chemical  composition;  both  the  carbon-hydrogen  ratio  and  the 
ash  in  the  coal  are  higher  in  the  small-size  coal.     It  is  natural  that 
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AVXRAOB  DUMEIBR  OFOOAI,  INCHIS. 

FXOCTX  82.— Curves  ataowiog  the  sapposed  relation  of  the  avenge  diameter  of  coal  to:  Ck>mbiist]on- 
ohamber  temperatoze  (No.  1);  flue-gas  temperature  (No.  2);  capacity  developed  by  boiler  (No.  3); 
poonda  of  dry  chJmiiey  gases  per  pound  of  "combustible"  (No.  4);  combined  efficiency  of  boiler  and 
combustion  space  (No.  5);  completeness  of  combustion  (No.O);  carbon-hydrogen  ratio  in  dry  coal  (No. 
7);  rado  of  carbon  to  available  hydrogen  (No.  8). 
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small  coal  should  contain  more  ash  than  the  larger  sizes,  because  the 
dirt  is  more  friable  than  the  coal  itself ,  and  therefore  it  crumbles 
easier  and  finds  its  way  into  the  small  coal. 


Under  M 
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FiouBS  63.~Carve9  showing  tlie  effect  of  tbe  ske  of  ooal  on:  Oarbon-hydrogan  ratio  tai  diy  ooal  (No.  1); 
oombined  effldency  of  boiler  and  combiutlon  apaoe  (No.  2);  differenoe  between  draft  In  ataok  and  draft 
over  fire  (No.  3);  poonda  of  dry  ooal  bomed  per  square  foot  of  grate  area  per  hour  (No.  4);  capacity 
developed  by  boiler  (No.  5);  pounds  of  dry  ohimney  gases  per  pound  of  **wnhnatible*'  (No.  6);  aih 
in  ooal  as  fired  (No.  7). 

The  high  carbon-hydrogen  ratio  of  the  small-size  coal  can  be 
explained  in  two  ways.  Some  of  the  coals  constituting  the  mixture 
were  finer  than  the  others,  and  it  may  have  happened  that  this  small 
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coal  also  had  a  high  carbon-hydrogen  ratio,  so  that  the  small  sizes 
contained  a  great  deal  more  of  the  coal  having  a  high  carbon-hydrogen 
ratio  than  did  the  large  sizes.  Or  it  may  be  that  the  combustible  ad- 
hering to  the  slate  and  other  ash  constituents  has  a  great  deal  higher 
carbon-hydrogen  ratio  than  the  rest  of  the  combustible;  on  this  sup- 
position, since  the  small  sizes  ran  higher  in  ash,  they  would  also 
have  a  higher  carbon-hydrogen  ratio. 

Curve  No.  2,  giving  the  combined  efficiency  of  the  boiler  and  the 
combustion  space,  is  rather  irregular,  but  on  the  whole  it  can  be  said 
that  the  efficiency  remains  about  constant  as  the  size  of  coal  increases. 
However,  from  the  fact  that  the  capacity  rises  from  70  to  100  per 
cent  (curve  No.  5),  the  efficiency  is  improved  as  the  size  of  the  coal 
increases.  Figure  23  shows  that  for  a  similar  rise  in  capacity  with 
Illinois  coal  the  combined  efficiency  drops  about  3.5  per  cent;  there 
is,  therefore,  at  least  that  much  gained  with  the  larger  sizes  of  coals. 

Curve  No.  6  shows  that  whatever  may  be  lost  in  the  incomplete 
combustion  due  to  higher  rates  of  burning  the  coal,  shown  by  curve 
No.  4,  is  perhaps  gained  by  the  reduction  in  the  air  supply. 

These  seven  tests  show  that  the  best  results  were  obtained  with 
coals  passing  over  the  ^inch  holes  but  going  through  the  l-inch 
holes  in  the  screen.  This  best  size  is  somewhat  smaller  than  the  best 
average  diameter,  as  shown  in  figures  60  and  61.  It  is  a  question, 
however,  whether  the  results  of  single  tests  can  be  trusted. 

SEULTIOK  OF  BMOEB  TO  THB  GKBHICAIi  COXPOSITIOK  OF  COAI. 

AND  THB  BB8TJLTB  OF  TB8T8. 

In  figure  64  the  tests  are  grouped  on  the  basis  of  the  percentage  of 
black  smoke.  The  object  of  preparing  the  figure  was  to  find  the 
causes  of  smoke  formation  and  what  effect  smoke  has  on  the  results 
of  the  tests. 

Smoke  is  a  visible  evidence  of  incomplete  combustion.  Any  factor 
in  the  composition  of  coal  which  tends  to  decrease  the  completeness 
of  combustion  is  Ukely  to  be  the  cause  of  smoke.  The  main  cause,  so 
far  as  the  coal  is  concerned,  is  a  high  percentage  of  volatile  matter 
and  the  heavy  carbon-hydrogen  compounds  which  high  volatile 
matter  produces  in  the  boiler  furnace.  Minor  causes  of  smoke  may 
be  ash  or  sulphur  in  coal,  which  may  produce  a  local  deficiency  of 
the  air  supply. 

In  the  operation  of  the  furnace  the  factors  causing  smoke  may  be 
a  high  rate  of  combustion  and  a  general  deficiency  of  air  supply,  caused 
by  a  thick  fuel  bed. 

Curves  Nos.  2  and  4  show  that  incomplete  combustion  increases 
with  the  percentage  of  black  smoke.  Curves  Nos.  5,  6,  and  7  indi- 
cate some  of  the  factors  in  the  composition  of  coal  which  cause  smoke. 
The  presence  of  oxygen  in  coal  would  not  perhaps  produce  smoke, 
but  the  oxygen  and  the  volatile  combustible  in  coal  rise  together,  so 
that  it  may  be  said  that  curve  No.  5  suggests  high  volatile  matter  as 
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the  cause  of  smoke.    The  same  cause  is  suggested  hy  curves  Nos.  6 
and  7.    High  volatile  coals  usually  contain  a  high  percentage  of  ash 
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FioUBE  64.--Oiirve8  ihowing  the  relation  of  smoke  formstkni  to:  Combined  eflSdeooy  of  l)oiIer  and  ooow 
bastion  spoce  (No.  1);  radiation  and  miacoounted-for]Qfl8es<No.  2);  oombostiaii-Ghamber  temperetnre 
(No.  3);  heat  loss  in  CO  (No.  4);  oxygen  in  dryooal  (No.  5);  available  hydrogen  in  "oombostible"  (No. 
6);  fixed  carbon  (No.  7). 

and  moisture,  so  that  these  last  two  constituents  may  also  be  considered 
as  causes  of  smoke  formation. 
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speciaij  observations  in  connection  with  the 

reoular  steaming  tests. 

Besides  taking  the  regular  observations  during  the  steaming  tests, 
Uie  steam-engineering  division  endeavored  to  cany  on  as  manj 
special  investigations  in  connection  with  the  tests  as  time  and  the 
equipment  available  for  the  work  permitted.  Some  of  these  investi- 
gations brought  interesting  and  valuable  results,  others  for  various 
reasons  resulted  in  failure.  Those  that  brought  at  least  partial  suc- 
cess are  discussed  in  detail  under  this  heading,  and  are  as  follows: 

(1)  Study  of  the  circulation  of  water  in  the  tubes  of  a  Heine  boiler. 

(2)  Effect  of  firing  on  the  temperature  at  three  places  in  the  Heine* 
furnace. 

(3)  Boiler-furnace  gases  and  their  composition  at  various  places  in 
the  boiler  setting. 

(4)  Comparison  of  gas  samples  obtained  with  the  box  sampler 
recommended  by  the  American  Society  of  Mechanical  Engineers,  and 
those  obtained  with  a  single  perforated  tube. 

(5)  Gas-mixing  structures  in  the  combustion  chamber. 

(6)  The  effect  of  a  special  air-tight  boiler  setting  on  the  economy. 

(7)  Comparison  of  results  obtained  on  boilers  Nos.  1  and  2  with 
those  obtained  on  boilers  Nos.  5  and  6. 

(8)  Measuring  the  temperature  of  gases  among  boiler  tubes. 

STUDY  OF  THB  CIBOITLATION  OF  WATBB  IK  THE   TUBBS  OF  A 

HBINE  BOILEB. 

The  study  of  the  circulation  of  water  in  the  tubes  of  a  Heine  boiler 
was  made  by  means  of  a  specially  constructed  instrument  called  the 
circulation  indicator^  which  could  be  placed  in  any  water  tube  near 
the  rear  end.  The  instrument  consisted  essentially  of  a  four-blade 
propeller  revolving  on  a  shaft  and  having  attached  a  small  commu- 
tator by  means  of  which  an  electrical  circuit  was  closed  once  in  each 
revolution  of  the  propeller.  An  electric  battery  and  a  telephone 
receiver  were  placed  in  the  circuit.  By  placing  the  receiver  to  his 
ear  an  observer  could  hear  a  sharp  click  every  time  the  contact  was 
made  on  the  conmiutator  and  thus  count  the  number  of  revolutions 
of  the  propeller. 

Figure  65  shows  a  location  of  the  circulation  indicator  in  the  rear 
of  one  of  the  tubes  in  the  third  row  from  the  bottom.  The  details 
of  the  instrument  and  the  method  of  mounting  it  in  the  boiler  tubes 
is  shown  somewhat  more  in  detail  in  figure  66. 

There  are  seven  principal  parts  which  go  to  make  up  the  instru- 
ment, namely,  the  propeller,  the  conmiutator,  the  brush,  which  rests 
on  the  commutator  and  makes  the  contact,  the  shaft,  the  supports 
or  bearing  of  the  shaft,  the  battery,  and  the  receiving  instrument, 
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which  may  be  either  a  telephone  receiver  or  any  suitable  recording 
instrument. 

The  propeller  is  made  up  of  four  copper  bladea  secured  to  spokes 
and  set  at  an  angle  of  30°  with  the  shaft  of  the  propeller.  The  qwkes 
are  attached  to  a  piece  of  brass  tubing  which  acte  as  a  hub  and  also 
supports  a  httle  conunutator. 

llie  commutator  consists  of  an  insulating  glass  drum  about  1) 


FiauKC  06.— I>la(ram  itaawliig  IocuIod  otdnwlttliia  Indkmtw  In  ■  Hafaw  boOar. 

inches  long  fixed  to  the  hub  of  the  propeller.  A  strip  of  copper  about 
i  inch  wide  and  ^  inch  thick  is  bound  to  the  glass  drum  with  copper 
wire  and  is  electrically  connected  to  the  hub  and  to  tiie  shaft  of  the 
instrument. 

The  brush  is  a  piece  of  watch  spring  supported  on  a  copper  bar  that 
is  insulated  from  the  instrument  by  mica  washers.  It  is  arranged  at 
right  angles  to  the  contact  strip  with  its  free  end  resting  thereupon 
so  as  to  make  and  break  contact  with  the  copper  strip  once  every 
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revolution  of  the  propeller.  A  copper  wire  whicli  connects  to  a  tele- 
phoDe  receiver  on  the  outside  of  the  bolter  through  a  2-Tolt  battery 
ia  fastened  to  the  brush  support  and  is  insulated  by  means  of  rubber 
tubing  at  the  point  where  it  passee  out  of  the  boiler  between  the 
hand-hole  cover  and  the  water  leg.  Tlie  other  wire  from  the  telephone 
receiver  is  grounded  to  the  boiler  as  shown.  By  using  a  low  voltage 
on  the  line  ihe  current  is  not  short-circuited  to  any  extent  by  the 
water  in  the  boiler. 

Ihe  shaft  on  which  the  propeller  turns  is  a  piece  of  hard  brass  wire 
about  i  inch  in  diameter  and  about  16  indtee  long.  Two  coUarB 
attached  to  the  shaft,  one  on  each  side  of  the  support,  serve  to  keep 
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the  shaft  from  moving  back  and  forth.  Another  collar  in  conjunction 
with  a  cotter  pin  in  the  end  of  the  shaft  holds  the  propeller  in  place. 

The  support  for  the  shaft,  at  the  end  nearest  the  wheel,  is  a  bar  of 
brass  with  a  hole  iu  the  center  for  the  ahaft  and  a  slot  on  each  end. 
These  slots,  which  engage  on  the  outside  edge  of  the  boiler  tube,  as 
shown,  facihtate  centering  the  instrument  and  changing  it  from 
one  tube  to  another.  The  other  support  for  the  shaft  was  obtained 
by  drilling  a  hole  through  the  center  of  a  hand-hole  cover  and  fitting 
the  latter  with  a  stufhng  box  made  from  the  gland  of  a  valve. 

In  the  operation  of  this  instrument  the  flow  of  water  in  any  boiler 
tube  into  which  the  circulation  indicator  may  be  placed  causes 
the  wheel  to  rotate  at  a  speed  proportional  to  the  rate  of  the  flow 
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of  water  through  the  tube.  The  angle  of  the  blades  of  the  pro- 
peller is  such  that  one  revolution  of  the  indicator  means  approxi- 
mately the  passage  of  1  linear  foot  of  water.  That  is,  if  the  propeller 
makes  five  revolutions  per  second,  the  water  passes  through  the 
particular  tube  at  the  rate  of  5  feet  per  second. 

The  relation  of  the  revolutions  of  the  propeller  to  the  rate  of 
flow  of  the  water  through  the  tube  is  similar  to  the  relation  existing 
between  the  revolutions  of  the  locomotive  drivers  and  the  speed 
of  the  locomotive.  If  the  drivers  are  1  yard  in  diameter,  then 
with  every  revolution  of  the  drivers  the  locomotive  moves  3.14 
yards.  If  the  drivers  are  revolving  at  the  rate  of  five  revolutions 
per  second  the  locomotive  moves  on  at  the  rate  of  5X3.14  yards 
per  second. 

The  rate  of  rotation  of  the  circulation  indicator  in  all  the  trials 
made  has  never  been  too  high  for  an  observer  to  count  the  clicks; 
no  difficulty  was  therefore  encountered  in  keeping  a  record  of  the 
rate  of  flow  in  any  boiler  tube  under  the  varying  conditions  of  the 
operation  of  the  boiler 

Several  instruments  were  built  and  tried  before  success  was  attained. 
At  first  the  propeller  was  fixed  to  the  shaft  and  the  shaft  was  made 
to  revolve  in  the  inner  support  and  the  stuffing  box  in  the  hand- 
hole  cover.  With  this  arrangement  the  revolutions  could  be  counted 
by  looking  directly  at  the  shaft  protruding  out  of  the  stuffing  box. 
This  construction  was  not  found  to  be  quite  satisfactory  on  account 
of  the  necessary  friction  in  the  stuffing  box  which  retarded  the 
motion  of  the  propeller.  It  served  the  purpose  only  of  showing 
the  direction  of  the  circulation.  This  type  of  construction  was 
abandoned  and  the  one  was  adopted  with  the  electrical  method  of 
taking  observation,  previously  described. 

EFFECT  OF  CLEANING  FIBES  AND  OF  FIBING  ON  THE  WATEB  CIRCULA- 
TION IN  THE  BOILEB  TUBES. 

Figure  67  shows  the  effect  of  cleaning  fires,  and  of  firing,  on  the  rate 
of  water  circulation  in  a  boiler  tube,  as  measiured  relatively  by  the 
circulation  indicator  illustrated  in  figures  65  and  66.  The  instrument 
was  placed  in  the  rear  in  the  middle  tube  of  the  third  row  from 
the  bottom.  The  readings  were  taken  by  recording  the  number  of 
revolutions  in  a  15-second  interval  and  from  such  data  the  temporary 
rate  in  revolutions  per  minute  was  calculated  and  platted  in  figure  67. 

The  circulation  varied  considerably  and  was  quick  in  its  changes. 
During  the  cleaning  of  the  fire  it  was  slow,  but  as  soon  as  the  cleaning 
was  over  and  the  furst  coal  was  fired,  the  circulation  increased  imme- 
diately. Each  successive  firing  increased  the  circulation  toward  a 
normal  rate.  The  curve  showing  the  circulation  of  water  after  the 
cleaning  of  the  fire,  is  very  similar  to  the  curve  of  the  temperature  in 
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the  combustion  chamber  given  in  figure  69;  that  is,  the  temperature 
and  the  water  circulation  rise  and  drop  together.  Undoubtedly  the 
change  in  temperature  in  the  combustion  chamber  is  the  cause  of  the 
variation  in  the  water  circulation. 


RELATION  BETWEEN  THE  CIBCULATION  OF  WATER  AND  THE  CAPACmr 

DEVELOPED  BY  THE   BOILER. 

Figure  68  has  been  prepared  to  show  how  the  circulation  of  water 
through  the  boiler  tubes  is  affected  by  the  capacity.  The  readings 
on  which  this  figure  is  based  were  taken  for  several  days.  The  values 
given  in  the  figure  were  obtained  by  counting  the  total  number  of 
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PER  CENT  OF  RATED  CAPACTTT  DEVEU>I*ED. 

FiQUBE  68.— Cunre  shoving  the  relation  between  the  dicolatkm  of  wtter  and  the  capacity  developed  by 
the  boiler.  The  circulation  indicator  was  plaoed  In  the  flnt  tube  to  the  left  of  center  In  the  seooDd  ram 
from  the  bottom  in  the  rear  of  the  boQer. 

revolutions  of  the  circulation  indicator  for  each  half-hour  period, 
and  by  calculating  the  percentages  of  the  rated  horsepower  devel* 
oped  by  the  boiler  for  each  such  period.  The  figures  inside  of  the 
circles  give  the  number  of  half  hours  fulfilling  the  coordinate  values 
of  the  points.  After  platting,  the  points  were  averaged  in  value  in 
both  horizontal  and  vertical  strips,  each  point  being  included  in  aver- 
aging as  many  times  as  indicated  by  the  number  in  the  circle.  The 
vertical  and  the  horizontal  averages  he  veiy  nearly  on  the  same  curve 
so  that  only  one  has  been  drawn  in  the  figure. 

The  important  indication  of  figure  68  is  that  the  circulation  rap- 
idly drops  behind  the  amount  of  steam  made,  especially  at  high  rates 
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of  working.  Thus  at  70  per  cent  of  rated  capacity  the  average  speed 
of  rotation  of  the  indicator  was  80  revolutions  per  minute.  At  105 
per  cent  of  rated  capacity  the  rate  of  revolution  was  102,  whereas  to 
be  proportional  to  the  capacity  it  should  have  been  120;  the  speed  of 
circulation  fell  about  15  per  cent  short.  This  lagging  in  the  circula- 
tion is  reasonable  in  view  of  the  fact  that,  so  far  as  one  can  make 
any  speculations,  the  circulating  forces  are  perhaps  roughly  propor- 
tional to  the  amount  of  steam  that  is  generated  and  entrained  with 
the  rising  water,  whereas  the  frictional  resistance  to  circulation  is 
perhaps  proportional  to  the  square  of  the  average  velocity  of  circu- 
lation. This  failure  of  circulation  to  keep  up  proportionally  with 
demands  on  it  must  decrease  the  efficiency  of  the  boiler  at  higher 
rates  of  working,  by  allowing  a  proportionally  larger  percentage  of 
the  water-heating  surface  to  be  covered  with  steam  bubbles,  thus  re- 
ducing the  effectiveness  of  the  heating  surface.  The  result  of  this 
condition  is  less  complete  absorption  of  the  heat  from  the  gases  and  a 
drop  in  the  efficiency  of  the  steam-generating  apparatus.  That  the 
efficiency  does  drop  is  indicated  in  figures  17,  19,  21,  and  23,  which 
should  be  noted  in  this  connection. 

At  a  later  date  the  circulation  indicator  was  put  in  the  middle 
tube  of  the  lowest  row  of  tubes,  this  being  one  of  the  tubes  inclosed 
in  clay  tiles  except  at  the  rear  end  where  the  gases  enter  the  tube 
chamber.  The  revolutions,  per  nunute  for  various  capacities  are 
given  in  the  following  table: 

Speed  ofcircuUitionrindicaJtcrfor  varums  boiler  capacitiei. 


Pereentege 

of  rated 
tiorwpower 
developed. 

Number  of 
readlnpi. 

Rerolu- 
tiontper 
minute. 

58.2 

91.4 

118.2 

02.2 

78 
8 
7 

12 

217 
267 
273 
291 

The  number  of  revolutions  at  any  capacity  is  approximately  three 
thnes  as  great  as  the  number  shown  in  figure  68,  for  the  second  row 
of  tubes  from  the  bottom. 

In  an  earlier  experiment  the  same  circulation  indicator  was  placed 
in  the  third  row  of  tubes  from  the  top  of  the  boiler,  and  it  was  found 
that  the  rate  of  revolution  was  very  slow  indeed.  The  receiver 
would  indicate  two  or  three  slow  revolutions  and  then  10  to  20 
seconds  passed  without  any  sign  of  motion  of  the  instrument. 
Although  the  friction  of  the  propeller  on  its  axis  was  very  small,  it 
is  possible  that  the  motion  of  the  water  was  too  slow  to  overcome 
this  friction. 

The  results  obtained  with  the  circulation  indicator  show  that  the 
bottom  row  of  tubes  is  doing  fax  more  work  than  any  other  row,  and 
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that  as  we  go  from  the  bottom  row  up  the  amount  of  work  done  by 
the  tubes  rapidly  decreases. 

The  fact  that  the  bottom  row  of  tubes  absorbs  so  large  a  portion 
of  the  total  heat^  which  heat  is  transmitted  mostly  by  conduction 
through  the  clay  tiles  and  by  radiation  to  the  exposed  portion  of  the  ^ 
tubes  in  the  rear  over  the  hot  brickwork^  makes  it  easy  to  realize  that    - 
the  efficiency  of  the  boiler  as  a  heat  absorber  may  well  rise  far  more   ^ 
rapidly  with  increasing  furnace  temperature  than  is  indicated  by  the   ^ 
equation  for  heat  absorption  from  the  gases  due  to  convection  only, 
as  given  and  explained  (on  pages  347  to  350)  under  the  heading 
''Principles  involved  in  heat  transmission  in  steam  boilers." 

The  results  of  the  study  of  the  boiler-water  circulation  suggest  for 
consideration  a  feature  in  the  construction  of  the  boilers.  This 
feature  which  perhaps  applies  to  most  horizontal  water-tube  boilers 
is  the  advisability  of  large  water  connections  between  the  water  tubes 
and  the  steam  drum,  in  order  that  the  water  may  pass  through  them 
freely  and  thus  the  circulation  through  the  tubes  be  hindered  as 
little  as  possible.  To  make  this  point  clearer  let  us  assume  that  in  the 
case  of  the  Heine  boiler  the  average  velocity  of  water  circulation  ' 
through  all  the  water  tubes  is  60  feet  per  minute  at  rated  capacity, 
as  that  figure  is  not  perhaps  very  far  from  the  actual  value.  Since  the 
total  cross-sectional  area  of  the  tubes  is  6.7  square  feet  the  tubes  will 
discharge  about  6.7  cubic  feet  of  water  per  second  into  the  front 
water  leg.  Now  it  is  plain  that  if  the  water  passage  from  the  water 
leg  into  the  steam  drum  is  2  square  feet  in  area,  the  velocity  of  the 
water  through  this  passage  would  be  over  3  feet  per  second.  This 
calculation  does  not  take  into  account  the  presence  of  steam  which 
greatly  increases  the  volume  of  the  mixture  so  that  its  velocity  is 
peijiaps  double  that  figured  above  and  is  sufficient  to  raise  the  water 
in  the  front  of  the  steam  drum  about  6  inches  above  the  normal  water 
level.  If  the  area  of  the  passage  is  smaller  and  the  velocity  of  the 
mixture  high  a  water  fountain  may  be  formed  in  the  front  of  the  steam 
drum  and  affect  the  quality  of  steam.  Or,  on  account  of  the  in- 
creased pressure  in  the  front  water  leg  the  circulation  in  the  upper 
rows  of  tubes  may  be  reversed,  which  is  perhaps  equally  undesirable, 
inasmuch  as  the  steam  formed  in  these  tubes  always  has  a  tendency  to 
rise  and  therefore  will  tend  to  flow  in  the  direction  of  the  front  water 
leg  and  thus  retard  the  water  circulation.  As  it  is  generally  ad- 
mitted that  water  circulation  is  essential  to  good  operation  of  a  boiler, 
all  water  passages  should  be  made  such  as  to  offer  as  little  resistance 
to  the  circulation  of  water  as  possible. 

EFFECT  OF  FIBINO  ON'  THE  TEMFBBATX7BB  AT  THREE  PZJLCBS 

IN  THE  HEINE  FI7ENAGB. 

Figure  69  shows  the  effect  of  firing  two  different  coals  on  the  tem- 
perature at  three  places  in  the  Heine  furnace,  namely,  in  the  fuel 
bed;  above  the  fuel  bed,  and  in  the  rear  of  the  combustion  chamber. 
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The  temperatures  were  measured  with  the  Waimer  optical  pyrom- 
eter. Individual  readings  of  each  series  of  measurements  were  taken 
every  30  seconds.  Owing  to  the  fact  that  only  one  pyrometer  was 
available^  the  three  series  of  temperature  measurement  were  not 
taken  simultaneously,  but  one  after  another,  as  shown  in  the  figure. 
The  pyrometer  was  standardized  before  and  after  each  set  of 
observations.  Between  the  two  standardizations  the  pyrometer  was 
never  disconnected  from  the  battery. 

The  upper  three  series  of  temperature  readings  were  taken  during 
a  test  made  with  an  Ohio  coal  which  was  comparatively  high  in 
volatile  matter.  The  lower  three  series  were  taken  during  a  test 
with  a  West  Virginia  coal  low  in  volatile  matter. 

The  temperature  in  the  fuel  bed  was  taken  through  an  opening 
about  1)  inches  in  diameter  in  the  side  wall  about  in  the  middle  of 
the  length  of  the  grate  and  about  4  or  6  inches  above  it.  In  order 
that  the  temperature  in  the  fuel  bed  could  be  measured,  an  iron  pipe 
H  inches  in  diameter  was  thrust  through  the  opening  in  the  side  wall 
into  the  hot  fuel  and  again  withdrawn,  leaving  a  small  tunnel  extend- 
ing 6  to  10  inches  into  the  bed.  The  temperature  of  the  interior  of 
this  tunnel  was  measured  with  the  pyrometer,  looking  in  through  the 
hole  in  the  wall.  Whenever  the  tunnel  caved  in  it  was  immediately 
rebuilt  by  the  application  of  the  iron  pipe  as  mentioned  above. 

The  temperature  above  the  fuel  bed  was  measured  through  an 
opening  about  in  the  middle  of  the  length  of  the  grate  and  about  15 
inches  above  it. 

The  temperature  in  the  rear  of  the  combustion  chamber  was  read 
through  an  opening  in  the  side  wall  about  2  inches  in  diameter,  2  feet 
from  the  inside  of  the  rear  wall  of  the  furnace,  and  about  10  inches 
below  the  tubes  of  the  boiler. 

Figure  69  shows  clearly  the  following  three  things: 

(1)  During  and  shortly  after  each  firing  the  temperature  over  the 
fire  and  to  some  extent  the  temperature  in  the  fuel  bed  drops,  and 
the  temperature  in  the  combustion  chamber  rises.  The  explanation 
is  that  the  distillation  of  the  volatile  matter  is  a  cooling  process  and 
is  undoubtedly  a  partial  cause  of  the  drop  of  temperature  in  the  fuel 
bed  and  over  the  fire.  Other  causes  of  the  drop  in  the  temperature 
are  the  evaporation  of  the  moisture  in  the  coal  and  the  inrush  of  the 
cold  air  through  the  open  furnace  doors.  The  volatile  matter  dis- 
tilled from  the  fuel  bed  is  burned  in  the  combustion  space,  causing  a 
rise  in  the  temperature  at  the  rear  of  the  combustion  chamber.  As 
the  quantity  of  volatile  matter  distilled  diminishes  the  temperature 
in  the  fuel  bed  and  particularly  over  the  fire  rises  and  the  tempera- 
ture in  the  rear  of  the  combustion  chamber  drops. 

(2)  The  peaks  in  the  curve  of  the  combustion-chamber  tempera- 
ture and  the  depressions  in  the  curve  for  the  temperature  over  the  fire 
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are  wider  for  Ohio  No.  8,  a  coal  high  in  volatile  matter,  than  for  West 
Virginia  No.  19,  a  coal  low  in  volatile  matter,  indicating  that  the 
volatile  matter  is  distilled  off  and  burned  in  a  shorter  time  with  the 
West  Virginia  coal  than  with  the  Ohio  coal. 

(3)  Combustion-chamber  temperature  is  much  higher  with  the  Ohio 
coal  than  with  the  West  Virginia  coal,  while  fuel-bed  and  over-fire 
temperatures  are  higher  with  the  latter  than  with  the  former  coal. 
This  contrast  indicates  that  most  of  the  West  Virginia  coal  bums  on 
the  grate  and  only  a  little  in  the  combustion  space,  while  the  opposite 
is  true  of  the  Ohio  coal. 

In  figure  70  is  given  a  comparison  of  the  combustion-chamber  tem- 
perature taken  with  the  Wanner  optical  pyrometer  and  the  rise  in 
temperature  of  water  from  a  water-jacketed  gas  sampler  inserted 
in  the  rear  of  the  combustion  chamber.  A  mercury  thermometer 
was  inserted  into  the  water  outlet  of  the  gas  sampler  illustrated  in 
figure  73  and  was  read  simultaneously  with  the  optical  pyrometer. 
As  the  water  supply  for  the  gas  sampler  was  about  constant  the  tem- 
perature of  the  water  leaving  the  sampler  varied  with  the  tempera- 
ture in  the  combustion  chamber;  thus  it  was  possible  to  obtain  quali- 
tative data  on  the  changes  of  temperature  inside  the  furnace,  which 
data  furnished  a  partial  check  on  the  correctness  of  the  optical 
pyrometer. 

As  shown  in  the  figure,  the  temperature  curves  of  the  water  from 
the  gas  sampler  agree  very  well  with  the  temperature  obtained  with 
the  optical  pyrometer,  except  that  the  temperature  of  the  water  lags 
slightly.  The  elevation  of  the  temperature  at  A,  B,  and  C  in  the 
water  temperature  curves  is  due  to  the  reduction  of  pressure  in  the 
water  main  caused  by  taking  water  into  the  measuring  tanks  for  feed- 
ing the  boiler.  This  reduction  in  water  pressure  decreased  the  water 
supply  to  the  gas  sampler,  thus  causing  its  temperature  to  rise.  But 
for  this  circumstance  the  curve  would  run  as  shown  by  the  dotted 
lines  ADC.  The  results  of  these  observations  show  that  temperature 
measurements  made  with  the  pyrometer  are  at  least  relatively 
correct. 

BOIUBB-FTTBNACE  GASES  AND  THEIR  COMPOSITION  AT  VABIOT7S 

PLACES  TN  THE  BOILEB  SETTING. 

OASES   LEAVING  THE   FUEL  BED. 

When,  in  the  case  of  hand  firing,  a  fresh  charge  of  bituminous  coal 
is  spread  over  a  hot  fuel  bed,  the  coal  is  heated  up  rapidly  and  part 
of  the  combustible  is  distilled  off  shortly  after  the  coal  reaches  the 
fuel  bed.  This  distiUation  is  a  cooling  process  and  lowers  the  tem- 
perature in  the  fuel  bed  and  over  the  fire.  The  evaporation  of  the 
moisture  in  the  coal  further  lowers  the  temperature  over  the  fire. 
The  distilled  volatile  combustible  is  carried  into  the  combustion  space, 
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vhere  it  is  more  or  less  completely  burned,  thereby  raising  the  tem- 
perature in  the  combustion  space.  That  the  Taiiation  of  the  tem- 
perature is  as  stated  is  shown  in  figures  69  and  70. 

The  combustible  which  is  distilled  from  the  coal  during  the  first 
two  or  three  minutes  after  firing  is  mostly  in  the  form  of  gas  and  tar 
vapors.    Of  the  two  forms,  the  latter  bums  with  considerable  diffi- 


culty, and  if  not  consumed  in  the  furnace  it  is  condensed  by  the 
cooling  action  of  the  boiler  to  Uquid  or  semiUquid  globules  of  a  dark, 
tarry  substance,  which  forms  a  part  of  the  black  smoke  at  the  top  of 
the  stack.  The  gases  bum  comparatively  easy,  and  only  a  small 
quantity  escapes  unbumed  when  there  is  a  reasonable  amount  of 
combustion  space. 
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Table  6  gives  the  composition  of  the  gases  leaying  the  fuel  bed  for 
three  minutes  immediately  after  a  firing.  The  gas  was  collected 
through  a  water-jacket ed  gas  sampler,  shown  in  figure  73.  The 
length  of  time  during  which  each  sample  was  collected  was  30  seconds, 
each  sample  being  held  in  a  separate  bottle.  The  samples  were  col- 
lected and  analyzed  by  Perry  Barker,  chemist  of  the  steam  engineering 
section. 

Table  6. — Analyses  of  gases  leaving  fuel  bed  for  three  minutes  after  a  firing, 
[Test  No.  604.    Boiler  No.  4.    Feb.  4, 1907.    Coal,  CoUlnsvlUe,  lU.;  nut.] 


- 

Time  during  which  sample  was 
taken. 

COi. 

o,. 

First  h«i'F»Jnnte 

7.6 
6.0 

4.7 

4.8 

5.9 
6.6 

2.3 

Second  half  minute 

1.0 

Third  hfJ'mlnntft 

.  1 

Fourth  half  minute 

2.2 

Fifth  half  ?n«mi<» 

1.4 

Sixth  half  minute 

1.6 

Percent  by  Tolnme. 


CO. 


CbHm> 


18.3 
19.8 

20.1 

17.4 

19.1 
15.8 


0.2 
.3 

.4 


.2 
.0 


Hi. 


CH4. 


1.0 
3.6 
5.5 
5.8 
4.2 
5.0 
7.6  I 
6.8  , 


1.2 
1.4 
2.6 
2.5 
4.5 
4.3 
3.0 
4.1 


Total 

oombas- 

tible. 


20.7 
25.1 
28.6 
28.8 
26.5 
27.1 
29.9 
26.7 


The  gases  in  the  column  with  heading  CnHm  are  the  illuminant 
series  C^Hj,  CjH^,  etc.;  they  were  determined  by  absorption  in  fuming 
sulphuric  acid.  Hydrogen  (H^)  and  methane  (CH^)  were  obtained 
by  the  explosion  method;  CO,,  O,,  and  CO  were  determined  by 
absorption  in  the  solutions  as  used  in  an  Orsat  apparatus  for  the 
same  purpose.  The  tar  vapors,  upon  entering  the  water-jacketed 
gas  sampler,  were  condensed  to  liquids  or  solids  and  could  not  be 
determined  by  a  volumetric  method. 

These  analyses  show  one  feature  which  is  worth  noting,  and  that  is 
the  percentages  of  H^  and  CH^  are  low  immediately  after  firing  and 
gradually  increase  during  the  three  minutes,  while  the  illuminants 
reach  a  maximum  after  about  two  minutes,  and  decrease  to  zero  at 
the  end  of  the  third  minute.  The  quantity  of  the  illuminants  is 
somewhat  in  coincidence  with  the  appearance  of  smoke,  which  fact 
makes  it  probable  that  they  are  partly  responsible  for  the  floating 
carbon  forming  part  of  the  smoke.  Possibly  these  hydrocarbons  are 
first  reduced  to  carbon  and  methane  before  they  bum.  The  carbon 
thus  precipitated  from  the  gases  may.  become  incandescent  and  cause 
a  long,  luminous  flame. 

The  percentage  of  CO  remains  high  during  the  entire  period  of 
three  minutes,  while  that  of  CO,  is  comparatively  low.  The  high  00 
is  partly  the  product  of  distillation  of  volatile  matter  and  partly  the 
result  of  decomposition  of  COj.  In  the  lower  layer  of  the  fud  bed 
the  carbon  bums  with  oxygen  to  CO,,  then  as  the  CO,  passes  through 
the  upper  layer  of  hot  coke  or  coal,  a  molecule  of  CO,  takes  an  addi- 
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tional  atom  of  carbon  and  is  reduced  to  two  molecules  of  CO,  according 
to  the  equation:  COj-f  C  =  2C0. 

The  temperature  of  the  fuel  bed  is  so  high  that  although  the  fuel  bed 
itself  may  be  thin  a  large  percentage  of  the  CO,  is  reduced  to  CO. 
This  is  the  process  which  is  employed  to  gasify  fuel  in  a  gas  producer. 
In  the  latter  case  the  temperature  is  comparatively  low,  therefore 
the  fuel  bed  is  generally  thick  in  order  that  the  time  of  contact  of  CO, 
with  the  hot  coke  may  be  increased  and  as  much  of  the  CO,  as  possible 
be  decomposed. 

That  a  large  part  of  the  CO,  is  decomposed  into  CO  in  fuel  beds  of 
only  such  thickness  as  are  used  in  the  boiler  furnaces  is  shown  by  W. 
Wielandt's  laboratory  experiments,  described  in  Oasbeleuchtung, 
1900,  pages  335  and  574.  In  these  experiments  coke  was  burned  in  an 
iron  cylinder  lined  with  fire  clay  and  having  a  cubical  capacity  of  2.3 
liters.  Simultaneous  gas  samples  were  taken  at  three  different  heights 
above  the  grate  and  analyzed;  the  analyses  of  the  samples  have  shown 
the  following  percentages  of  CO,  and  CO: 

AnalyMes  ofgoB  samples  taken  at  different  heights  in  the  fuel  bed. 


Sample 
No. 

1 
2 
3 

Height 
above 
grate  (cen- 
timeters). 

COiCper 
cent). 

13.42 
12.80 
11.17 

CO  (per 
cent). 

3.6 

9.6 

15.5 

9.56 
12.71 
15.42 

In  these  experiments  the  temperature  was  about  1,700®  C.  The 
results  show  that  CO,  was  formed  in  the  lower  part  of  the  bed  and 
was  then  reduced  to  CO  in  the  upper  part. 

In  another  experiment  of  Wielandt  the  air  supply  was  kept  con- 
stant, but  the  thickness  of  bed  was  varied.  The  results  are  shown 
in  the  following  table: 

Analyses  of  gas  samples  taken  from  fuel  beds  of  varying  thickness. 


Sample 
No. 

Depth  of 
bea  (cen- 
timeten). 

COi  (per 
cent). 

0«(per 
cent). 

CO  (per 
cent). 

1 
2 
3 

9.0 
4.5 
1.5 

12.55 
18.97 
12.29 

1.17 

.59 

8.16 

11.06 
.93 
.03 

The  results  of  this  experiment  show  that  as  the  depth  of  the  bed 
decreases  the  percentage  of  CO  falls  off  and  that  of  CO,  increases 
until  the  xnaximum  CO,  content  is  reached.  A  further  decrease  in 
the  thickness  of  the  bed  increases  the  percentage  of  O,.  The  thick- 
ness of  bed  giving  the  best  combustion  was  about  4.5  cm.;  a  bed  of 
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such  small  thickness  in  a  steam  boiler  furnace  would  be  extremely 
difficult  to  keep  tree  from  holes. 

The  percentage  of  CO  formed  when  CO,  is  in  contact  with  hot 
carbon  depends  upon  the  temperature  of  the  carbon  and  COj,  and 
to  a  certain  measure  upon  the  length  of  time  of  contact.  Up  to 
a  certain  limit  the  higher  the  temperature  and  the  longer  the  time 
of  contact  the  greater  the  percentage  of  CO  formed,  although  the 
exact  relation  is  not  a  direct  proportion  and  varies  somewhat  with 
the  form  of  carbon.  Figure  72  shows  this  relation  when  the  carbon 
is  in  the  fonn  of  coke.  The  figure  has  been  prepared  from  the  results 
of  experiments  made  by  J.  K.  Clement  and  L.  H.  Adams  at  the  Uni- 
versity  of  Illinois,  and  published  in  Bulletin  No.  30  of  that  institution. 
Ilie  experiments  were  made  with  laboratory  apparatus.    The  coke 


FmkiuTI.— CnrvHihoving  the  effect  of  the  tempcratan  and  IhattsMef  contact  on  (be.. 

CO  formFd.    Each  curve  givea  the  pcrcentBge  of  CO  at  ■  mnatant  tsmperatare  te  IndlcalaL 
rooltiar  experiment!  or  Clement  sod  Adanu,  Untversltr  oF  nUnab  Bnlletln  No.  3D. 

was  crushed  into  uniform-sized  pieces  about  5  mm.  in  diameter  and 
placed  in  a  porcelain  tube  of  1.5-cm.  inside  diameter.  This  tube 
filled  witii  the  coke  was  kept  at  the  desired  temperature  in  a  specially 
constructed  electric  furnace.  The  temperature  inside  of  the  tube 
was  measured  with  a  platinum  thermocouple.  Carbon  dioxide  was 
passed  through  the  tube  at  a  rate  which  was  kept  constant  during 
any  one  dngle  test  but  which  varied  with  different  experiments. 
The  gas  leaving  the  tube  was  analyzed  for  CO,  and  CO. 

Figure  71  shows  that  with  low  temperatures  the  percentage  of  CO 
formed  was  low,  even  though  the  time  of  contact  was  long.  With 
higher  temperatures — say  above  1,200°  C.  or  2,192"  F.— a  lai^e  per- 
centage of  CO  was  formed  in  a  very  short  time  of  contact.  Thus, 
for  example,  with  the  temperature  at  1,000°  C.  (1,832°  F.),  and  after 
the  gas  had  been  in  contact  with  the  coke  50  seconds,  the  gas  con- 
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sisted  of  62  per  cent  of  CO  and  38  per  cent  of  CO,.  But  when  the 
temperature  in  the  tube  was  1,300°  C.  (2,372''  F.)  the  gas  after  a 
contact  of  only  4  seconds  analyzed  98  per  cent  of  CO  and  2  per  cent 
of  COj. 

Inasmuch  as  the  temperature  of  the  fuel  bed  m  a  boiler  furnace  is 
generally  above  2,400°  F.  (see  fig.  69),  the  gases  leaving  the  fuel  bed 
are  apt  to  be  high  in  CO  and  low  in  CO,,  even  though  the  bed  may  be 
only  a  few  inches  thick.  Gas  analyses  given  in  Table  7  and  the 
experiments  of  Clement  and  Adams  show  that  a  boiler  furnace  is  a 
fairly  good  gas  producer. 

In  this  connection  it  may  be  well  to  give  the  results  of  another  set 
of  similar  experiments  made  by  Clement  and  Adams  at  the  fuel- 
testing  station  of  the  Bureau  of  Mines,  at  Pittsburgh,  Pa.  The  appar 
ratus  and  the  methods  of  experimenting  were  the  same,  but  instead 
of  (X),  superheated  steam  was  passed  through  the  porcelain  tube 
filled  with  soft-coal  coke.  The  object  of  this  experiment  was  to 
determine  the  effect  of  temperature  and  time  of  contact  on  the 
decomposition  of  steam  when  in  contact  with  hot  carbon.  The 
results  are  shown  in  figure  72.  According  to  these  results  much  more 
steam  is  decomposed  with  very  short  contact  when  the  temperature 
is  above  1,200°  C.  than  with  much  longer  contacts  when  the  tem- 
perature is  below  that  point.  These  results  give  data  on  how  much 
of  the  steam  that  is  sometimes  blown  under  the  grate  or  of  the  mois- 
ture in  the  coal  is  decomposed  and  what  the  products  of  decomposi- 
tion are. 

Numerous  observations  show  that  the  average  temperature  of  the 
fuel  bed  in  the  steam-boiler  furnace  is  about  2400®  F.  When  steam 
is  passed  through  the  fuel  bed  the  length  of  time  the  steam  is  in  con. 
tact  with  the  hot  coal  is  perhaps  from  one  to  two  seconds.  If  the 
contact  lasts  one  second  we  find  from  figure  72  that  the  resulting 
mixture  of  gases  contains  28  percent  of  steam  (the  heavy  curve  No.  6), 
36  per  cent  of  CO  (the  broken  heavy  curve  No.  6),  and  35  per  cent 
of  H,  (the  light  solid  curve  No.  6).  If  the  time  of  contact'  lasts  two 
seconds  the  resulting  mixture  will  contain  only  4  per  cent  of  steam, 
50  per  cent  of  CO,  and  44  per  cent  of  Ha.  The  remaining  2  per  cent 
consists  of  CO,  and  CH^.  If  the  time  of  contact  lasts  four  seconds 
practically  all  the  steam  is  decomposed.  We  may  then  deduce  from 
these  curves  that,  ordinarily,  by  far  the  larger  part  of  the  steam 
introduced  undjBr  the  grate  is  decomposed  in  the  fuel  bed,  and  that  if 
the  amoimt  of  air  suppUed  over  the  fire  is  insufficient  this  decomposed 
steam  may  pass  out  of  the  furnace  unbumed.  The  fact  should  be 
kept  in  mind  that  the  oxygen  of  the  decomposed  steam  does  not 
leave  the  fuel  bed  in  its  free  state,  but  that  it  is  combined  with  carbon, 
mostly  in  the  form  of  CO,  and,  therefore,  is  not  available  for  the  com- 
bustion of  the  free  hydrogen.     It  is  possible  that  the  higher  incom- 
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plete  combuatioD  losses  with  coals  high  in  moisture  c&n  be  accounted 
for  by  the  partial  decomposition  of  the  moisture  in  coal,  and  these 
products  of  decomposition  do  not  again  bum  in  the  combustion 
space  of  the  furnace.  ' 

Figures  71  and  72  BU^^eet  the  operation  of  a  gas  producer  at  hi^ 
temperatures,  which  will  not  only  make  the  gas  much  richer,  but  it  will 
make  it  possible  for  the  same  producer  to  gasify  several  times  as 
much  fuel  as  when  operated  at  low  temperatures. 

The  figures  also  suggest  that  in  a  foundry  cupola  air  should  be 
introduced  at  several  places  along  the  vertical  column  of  the  coke 


TtHB  OF  OOKTACT.  BECOVM 

FiocHE  7^  — CutvcaabuwlngtbemilDoonitftaRitaoftbegumlxtaranniltliigtrompualiigstomtbRmth 
a  bed  of  bat  oake,  TbcM  coDatltuoiU  are  (xpRncd  in  pen«Qb«e  of  total  g""  oanaMbtg  of  EiO,  CO, 
Hi.  CO,,  sod  CQi:  Ibelaat  two  arewnuliied  Id  Bmsll  qiiuilit;,TBrybiglnini  0.3  to  8p«cent.  From 
reeulu  or  tipctlnwnis  of  Clemnit  ud  Adama,  BarOD  of  ICincB  Bnlletln  7. 

and  the  metal.  In  the  usual  way  cupolas  are  now  operated  the  air 
is  introdutred  only  at  the  bottom  of  the  cupola.  The  oxygen  of  the 
air  blast  bums  to  CO,  within  a  few  inches  from  the  bottom.  As  the 
COj  passes  up  through  the  hot  coke  above,  it  is  reduced  to  CO,  and 
as  there  is  no  air  added  above  this  layer  where  the  reduction  takes 
place,  the  CO  passes  out  and  bums  with  a  hot  flame  when  it  comes 
in  contact  with  air  at  the  top  of  the  stack.  Thus  a  great  deal  of  the 
fuel  used  for  melting  the  metal  is  wasted.  At  the  same  time  the 
reduction  process  of  CO,  cools  the  upper  layers  of  coke  and  metal 
and  delays  the  melting. 


SPECIAL  OBSEBVATIONS  IN  CONNECTION  WITH  STEAMING  TESTS.    287 

The  gases  leaving  the  fuel  bed  are  high  in  combustible  not  only  in" 
the  case  of  the  hand-fired  furnace,  but  also  when  the  coal  is  burned 
with  a  mechanical  stoker.  Table  7  gives  the  analyses  of  samples  of 
gases  coUected  near  the  top  of  the  fuel  bed  of  boiler  No.  6  furnace 
equipped  with  the  Jones  underfeed  stoker.  Column  No.  5  gives  the 
distance  the  end  of  the  gas  sampler  protruded  into  the  furnace  from 
the  inside  of  the  wall.  Hole  A  was  in  the  middle  of  the  length  of  the 
grate  and  about  15  inches  above  the  dead  plate.  The  samples  were 
grab  samples  and  were  collected  in  about  one  second.  They  were 
taken  and  analyzed  by  J.  C.  W.  Frazer,  chemist  of  the  fuel-testing 
division. 

Table  7. — AnalyHS  of  gctaes  leaving  fuel  bed  of  boiler  No.  5,  equipped  with  Jones 

underfeed  stoker;  New  jRiver  coal. 
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The  analyses  show  the  gases  were  richest  in  combustible  when  the 
sampling  apparatus  protruded  from  16  to  21  inches  into  the  furnace, 
or  when  the  ena  of  the  sampler  was  near  the  burning  heap  of  coal. 

From  the  gas  analyses  given  in  Tables  7  and  8  we  can  conclude 
that  usually  the  gases  leaving  the  fuel  beds  are  rich  in  combustibles 
and  low  in  free  oxygen.  The  oxygen  suppUed  through  the  grate  is 
not  sufficient  for  complete  combustion  of  the  combustible  leaving 
the  fuel  bed,  and  additional  air  must  be  supplied  tlirough  the  firing 
doors  or  other  specially  provided  openings.  Judging  from  the  low 
percentage  of  CO,  leaving  the  fuel  beds,  as  shown  in  Tables  7  and  8 
(cases  in  which  the  sampler  was  16  to  21  inches  inside  the  furnace), 
the  fuel  bed  acts  principally  as  a  gas  producer;  that  is,  it  changes 
the  solid  fuel  into  gas,  to  which  additional  air  must  be  added  and  the 
mixture  burned  in  the  combustion  space.  These  facts  prove  the 
importance  of  spacious  combustion  spaces  in  all  furnaces  burning 
soft  coals. 

It  should  be  remembered  that  Tables  7  and  8  give  only  the  analyses 
of  the  gaseous  constituents  of  the  combustible  leaving  the  fuel  bed. 
A  considerable  quantity  of  the  combustible  leaves  the  fuel  bed  in  the 
form  of  tar  vapors  which  condense  in  the  water-jacketed  gas  samplers 
and  are  not  included  in  the  analyses  herein  discussed. 
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BUENTNG  OF  OASES  AS  THEY  PASS  THROUGH  THE  COMBUSTION  SPACE. 

It  has  been  pointed  out  in  the  preceding  discussion  that  the  gases 
leaving  the  fuel  bed  are  rich  in  combustibles  and  deficient  in  free 
oxygen.  For  this  reason  some  provision  to  supply  air  above  the 
fuel  bed  is  made  in  most  of  the  commercial  appliances  designed  to 
bum  soft  coal.  The  importance  of  the  gas-mixing  devices  and  of 
the  combustion  space  has  also  been  realized.  Furnaces  designed  to 
bum  soft  coal  generally  have  lai^e  combustion  space;  the  gas^mixing 
structures,  however,  are  still  in  the  experimental  stage,  their  chief 
drawback  being  lack  of  durability  under  the  high  temperatures 
which  good  fuel  economy  requires.  The  gas  analyses  given  in  Table  8 
show  the  effectiveness  of  the  combustion  space  in  the  Heine  furnace. 

Table  8. — Analyses  of  gas  samples  collected  at  the  top  of  fuel  bed  and  rear  of  combustion 

chamber. 
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The  table  gives  the  analyses  of  two  sets  of  samples,  one  collected 
at  the  top  of  the  fuel  bed  and  the  other  in  the  rear  of  the  combustion 
chamber.  The  samples  were  taken  simultaneously  at  the  two  places 
mentioned  and  the  duration  of  collecting  each  two  was  10  minutes. 
The  gases  were  drawn  from  the  furnace  through  the  water-jacketed 
samplers  shown  in  figure  73,  A.  The  samplers  projected  about  10 
inches  into  the  furnace,  both  being  inserted  through  holes  in  the  side 
wall,  the  first  sampler  resting  on  the  surface  of.  the  fuel  bed.  At  the 
time  these  samples  were  collected  there  was  no  gas-mixing  device  in 
the  furnace. 

As  shown  by  the  analyses,  the  combustible  gas  is  nearly  com- 
pletely burned  by  the  time  the  gases  reach  the  rear  of  the  combus- 
tion chamber.  This  much  can  be  said  about  the  gases,  but  when 
we  look  into  the  furnace  near  the  end  of  its  combustion  space  very 
often  we  can  see  smoky  fluid  leaving  the  furnace.  This  smoky  fluid 
undoubtedly  consists  of  unconsumed  tar  vapors  and  veiy  small  par- 
ticles of  solid  carbon.  These  two  last  combustible  ingredients  need 
very  much  more  time  for  their  complete  combustion  than  do  the 
gases.  It  is  not  difficult  to  bum  the  gases ;  it  is  the  tar  vapors  and  the 
solid  small  particles  of  floating  carbon  which  present  the  difliculty  in 
the  combustion  of  soft  coals. 
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INFILTRATION   OF  AIB  INTO  THE   BOILER   SETTING. 

The  air  entering  the  furnace  through  the  small  openings  and  cracks 
in  the  firing  doors  is  useful,  and  is  to  a  great  extent  necessary  for 
the  complete  combustion  of  the  gases  and  tar  vapors  leaving  the  fuel 
bed;  in  fact,  air  entering  the  furnace  through  any  opening  in  the 
walls  may  be  of  some  benefit  for  the  combustion  of  the  fuel,  and 
therefore  need  not  be  always  regarded  as  harmful.  But  the  air 
entering  the  boiler  setting  beyond  the  furnace  where  no  combustion 
is  taking  place  is  always  detrimental  to  good  economy  inasmuch  as 
it  lowers  the  temperature  of  the  products  of  combustion  thus  making 
less  heat  available  for  absorption  by  the  boiler.  All  brick  boiler 
settings  are  more  or  less  leaky,  and,  even  if  well  cared  for  and  the 
cracks  constantly  patched,  there  will  be  a  considerable  air  leakage 
into  the  boiler  setting. 

At  the  fuel-testing  plant  at  St.  Louis,  Mo.,  a  man  was  almost  con- 
stantly employed  to  patch  up  the  leaks  in  the  settings  of  the  boilers, 
nevertheless  considerable  leakage  was  shown  by  the  analyses  of  the 
flue-gas  samples  collected  at  different  places.  Table  9  gives  the 
analyses  of  two  sets  of  gas  samples,  one  collected  in  the  rear  of  the 
combustion  chamber  and  the  other  at  the  base  of  the  stack.  Those 
collected  at  the  rear  of  the  combustion  chamber  were  drawn  through 
the  water-jacketed  gas  sampler;  those  taken  at  the  base  of  the  stack 
were  drawn  through  the  single-tube  sampler  described  on  page  32. 
The  collection  period  of  each  sample  was  30  minutes;  the  two  sam- 
ples, one  at  each  place,  were  taken  simultaneously.  The  object  of 
taking  these  gas  samples  was  to  determine  the  leakage  of  air  between 
the  place  where  the  gases  leave  the  combustion  chamber  and  the 
place  where  they  leave  the  setting. 

Table  9. — Analyses  of  samples  collected  simultaneously  at  the  rear  of  the  combustion 

chamber  and  at  the  base  of  the  stack. 
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The  weights  of  gases  per  pound  of  carbon  figured  from  the  analy- 
ses of  the  gas  samples  taken  at  the  two  places  were  17.5  and  23.2 
pounds  respectively.  These  weights  indicate  that  of  the  air  supply 
shown  by  the  gas  composition  at  the  base  of  the  stack  about  26  per 
cent  leaked  in  after  the  gases  left  the  furnace.  This  large  air  leakage 
makes  it  imperative  that  if  the  information  obtained  from  the  gas 
analyses  is  to  be  of  any  value  in  controlling  the  fire,  the  gas  samples 
should  be  collected  at  some  place  before  they  are  diluted  by  leakage 

AMOUNT  OF  AIR  BNTERINO  THE   BOILBB  BBTHNO  AT  DIFFBBEKT  PLACB8. 

From  the  gas  analyses  given  in  Tables  8  and  9  it  is  possible  to 
compute  the  weight  of  gases  per  pound  of  carbon  at  the  three  places 
where  the  gas  samples  were  taken.  From  these  computed  weights 
can  be  approximately  determined  the  percentages  of  air  entering  the 
boiler  setting  between  these  three  points.  Table  10  gives  these 
computed  values  in  a  condensed  form.  In  the  first  part  of  the  table 
are  the  average  analyses  of  the  gases  at  the  three  places  as  given  in 
Tables  8  and  9;  The  second  part  of  the  table  gives  the  wei^t  of 
the  gases  per  pound  of  carbon  as  computed  by  the  general  formula: 

44x00, +  32  xOa-f28x(CO+N3) +  2113  + 16xCH4-h  28  CnH« 

12  (CO,+CO+CH,  +  2C„H„) 

In  this  formula  it  is  assumed  that  CnHm  is  all  ethylene^  C^Hi. 

The  third  part  of  the  table  gives  the  weight  of  air  supplied  at  ihe 
various  places;  the  first  column  gives  it  in  pounds  and  the  second  in 
percentage  of  the  air  as  indicated  by  the  analyses  of  gases  collected 
at  the  base  of  the  stack.  As  the  figures  indicate,  most  of  the  air  is 
admitted  through  the  firing  door  in  front  of  the  furnace.  This  air 
enters  when  the  doors  are  open  during  the  firing  and  through  the 
special  air  openings  provided  with  the  Hughes  smoke  preventer 
after  each  firing. 

The  air  that  enters  the  setting  between  the  rear  of  the  combus^ 
tion  chamber  and  the  base  of  the  stack  leaks  in  through  the  cracks 
in  the  side  walls,  around  the  two  water  legs,  the  steam  drum  and  the 
walls,  around  the  plugs  in  the  stay-bolt  holes,  through  the  brick  top 
of  the  boiler  setting,  which  is  usually  thin,  around  the  drop  door  on 
top  of  the  boiler,  and  through  many  other  apparently  insignificant 
small  openings.  The  sum  of  all  these  small  leaks  is  a  large  figure 
which  forms  a  considerable  percentage  of  the  total  air  admitted 
into  the  setting. 
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Tablb  10. — Average  compoMon  and  weight  ofgasei  and  average  weight  of  air  admiUed, 

1.  AVERAGE  COMPOSITION  OP  OASES. 
[Peroentage  by  volume.] 
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2.  AVERAGE  WEIGHT  OF  GASES  PER  POUND  OF  CARBON. 
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3.  AVERAGE  WEIGHT  OF  AIR  ADMITTED  PER  POUND  OF  CARBON. 
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In  this  connection  the  authors  again  state  that  the  settings  of  the 
test  boilers  at  the  Government  fuel-testing  plant  at  St.  Louis  were 
well  cared  for.  AU  the  walls  were  painted  two  or  three  times  with 
thick  bam  paint  and  a  man  spent  daily  four  or  five  hours  in  patching 
the  cracks  or  otherwise  reducing  the  infiltration  of  air,  so  that  the 
leakage  shown  in  the  preceding  discussion  is  perhaps  smaller  than 
that  in  the  average  steam  plant. 


VARIABLE  Aia  LEAKAGE. 


The  amount  of  air  leaking  into  a  boiler  setting  has  significance 
only  when  compared  with  the  air  entering  the  furnace  through  the 
grate  or  firing  door — that  is,  when  expressed  as  a  percentage  of  the 
total  air  used  or  of  the  air  fed  in  through  the  grate.  Thus,  the 
same  weights  of  air  leaking  into  the  setting  in  a  given  time  may  show 
different  excesses  over  the  most  economical  air  supply.  The  same 
difference  between  the  gas  pressures  inside  the  setting  and  the  out- 
side atmosphere  causes  the  same  weight  of  air  to  leak  into  a  given 
setting.  However,  if  in  one  case  the  coal  bums  freely  and  no  cUnker 
is  formed  on  the  grate  and  if  the  fuel  bed  itself  is  thin,  the  air  finds 
very  little  resistance  in  flowing  through  the  grate  and  the  fuel  bed. 
Consequently  a  large  quantity  of  air  enters  the  furnace  through  the 
fuel  bed  and  is  utilized  in  gasifying  a  larger  quantity  of  coal.  This 
increased  quantity  of  gaseous  combustible  requires  also  a  larger  air 
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supply  through  the  firing  doors.  Thus,  in  such  a  case,  the  wei^t 
of  the  air  supplied  through  the  fuel  bed  and  through  the  firing  doors 
is  large.  In  another  case  the  coal  may  be  very  fine  and  may  have 
very  fusible  ash  which  forms  solid  clinker  on  the  grate.  The  coal 
may  cake  badly  so  that  the  whole  fuel  bed  may  be  one  mass  of  fused 
fuel.  In  addition  to  this,  the  fuel  bed  may  be  very  thick.  All 
these  circumstances  will  greatly  increase  the  resistance  of  the  fuel 
bed  to  the  flow  of  air,  so  that  with  the  same  draft  as  in  the  previously 
considered  case  much  less  air  finds  its  way  into  the  furnace  through 
the  fuel  bed,  and  therefore  much  less  of  the  coal  will  be  gasified.  A 
smaller  quantity  of  the  combustible  gases  will  also  require  a  smaller 
air  supply  through  the  firing  doors,  so  that  the  quantity  of  air  enter- 
ing through  the  fuel  bed  and  through  the  firing  doors  is  much  smaller 
in  this  second  case  than  in  the  first  one.  However,  since  the  differ- 
ence between  the  gas  pressure  inside  the  setting  and  the  outside 
atmosphere  is  about  the  same  in  both  cases,  the  leakage  in  the 
second  case  will  be  much  larger  in  proportion  to  the  total  air  admitted 
into  the  boiler  setting  than  it  was  in  the  first  case.  Thus  it  is  apparent 
that  the  percentage  of  leakage  in  different  tests  will  be  different, 
and  will  vary  with  the  properties  of  the  coal  and  its  ash  and  also  with 
the  methods  of  burning  the  coal. 

Table  11  gives  the  weight  of  dry*gases  per  pound  of  carbon,  cal- 
culated from  analyses  of  gas  samples  taken  simultaneously  at  dif- 
ferent parts  of  the  boiler  setting.  As  shown  by  the  last  column,  the 
leakage  varies  over  a  considerable  range. 

The  reader  should  bear  in  mind  that  all  the  data  on  the  composi- 
tion of  the  gas  leaving  the  fuel  bed  and  of  the  gas  in  the  rear  of 
combustion  chamber,  as  well  as  the  deductions  drawn  from  these 
analyses,  are  reliable  only  as  far  as  the  gas  sample  collected  through 
the  water-jacketed  sampler  can  be  trusted  to  represent  approximately 
the  average  gas  at  the  respective  places. 

Table  11. — Infiltration  of  air  through  setting. 


318. 
319. 
320. 
321. 
323. 
324. 
325. 
326. 
327. 
328. 
329. 
330. 
332. 
334. 
344. 


Test  No. 


Poands  of  gas  per  pound  of  carbon. 


Over  Are. 


In  com- 
bustion 
chamber. 


lass 

24.02 
23.76 
16.85 
16.17 
19.93 
19.44 
20.38 
23.21 
17.96 


At  front 
water  leg. 


21.70 


19.20 
27.80 
25.31 
19.64 
17.88 
23.75 
22.40 
23.83 
25.50 
21.00 
23.38 
21.51 
1&62 
21.09 


In  stack. 


23.34 
32.42 
28.37 
23.20 
21.60 
26.51 
27.30 
31.45 
28.87 
24.42 
26.90 
25.09 
23.60 
24.26 
27.85 


between 

combiistioo 

chamber 

and  stack 

(percent). 


21.. 1 
25.9 
lfi.2 
27,4 
25.1 
24.8 
28.  S 
35.2 
19.6 
26.5 


22.1 
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Table  11. — Infiltration  of  air  through  setting — Continued. 


Poimda  of  gas  per  pound  of  carbon. 

Leakage 
between 

Test  No. 

Over  fire. 

In  com- 
bustion 
chamber. 

At  front 
water  leg. 

In  stack. 

oombU8tk>n 

chamber 

and  stack 

(per  cent). 

347 

10.22 
12.12 
7.77 
11.15 
10.54 
12.73 

19.40 
17.53 
14.76 
15.78 
16.31 
22.91 
20.51 
22.15 
26.27 
20.90 
19.84 
20.68 
21.88 
20.50 
19.04 
22.48 
21.81 
19.15 
21.10 
22.29 
18.44 
21.89 
22.22 
30.90 
19.14 
20.02 
22.48 
26.26 
30.48 
25.02 
25.80 
28.21 

26.80 
24.52 
20.86 

27.6 

348 

28.1 

349 

29.2 

349 

350 

23.41 
30.25 
27.21 
25.67 
32.00 
26.78 
25.28 
29.12 
26.78 
25.16 
25.49 
29.70 
27.17 
25.30 
29.18 
26.02 
26.40 
27.73 
27.78 
37.05 
24.54 
26.48 
30.05 
34.48 
32.05 
27.72 
30.70 
32.20 

30.3 

351 

24.25 
26.87 

24.3 

3S"2 

24.6 

353 

15.17 

13.4 

354 

27.83 
25.42 
22.50 

21.0 

355 

15.29 
18.22 
13.65 

22.0 

356 

21.5 

357 

29.0 

359 

18.3 

360 

18.5 

361 

25.3 

362 

13.27 

24.3 

363 

19.7 

364 

12.45 

24.3 

365 

27.7 

366 

14.3 

367 

11.77 

30.1 

369 

21.1 

370 

20.0 

371 

16.6 

372 

22.0 

375 

w 

24.4 

376 

25.2 

377 

23.9 

378 

4.9 

379 

9.8 

380 

16.0 

381 

12.4 

Average  percentage  increase  fh>m  surface  of  fire  to  oombastion  chamber,  34.4;  from  combustion  chamber 
to  front  leg,  11.0;  from  front  1^  to  stack,  14.1;  from  combustion  chamber  to  stack,  22.4. 

WATEB-JACKETED  GAS   SAMPI^EBS. 

The  construction  of  the  water-jacketed  gas  sampler  that  was 
used  to  collect  gases  from  the  top  of  the  fuel  bed  and  from  the  rear 
of  the  combustion  chamber  is  shown  in  figure  73,  A.  The  sampler 
consists  of  a  1^-inch  pipe  closed  at  each  end  with  a  cap,  and  two 
J-inch  pipes.  The  gas  is  drawn  through  one  of  the  i-inch  pipes, 
which  passes  through  both  of  the  caps  as  indicated  in  the  figure. 
The  other  i-mch  pipe  brings  cold  water  into  the  large  pipe;  a  i-inch 
nipple  is  fitted  into  the  latter  and  serves  as  a  water  outlet.  Any 
steady  water  supply  can  be  used  to  furnish  the  cooling  water. 

The  samplers  B  and  C,  figure  73,  are  of  more  recent  construction. 
The  outside  pipe  is  a  standard  f-inch  pipe;  the  tubes  on  the  inside 
are  of  drawn  copper.  The  sampler  B  has  a  single  tube  for  gas, 
J  inch  in  outside  diameter;  this  tube  is  placed  within  another 
copper  tube  of  J-inch  outside  diameter.  The  cooling  water  is  brought 
in  through  the  J-inch  tube  and  returns  through  the  |-inch  outside 
pipe  and  leaves  the  sampler  through  the  attached  ^-inch  nipple. 
The  joint  at  the  end  of  the  sampler  extending  into  the  furnace  is 
bra2ed;  the  joint  at  the  other  end  is  soldered. 
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The  sampler  C  has  three  ^-inch  copper  tubes  for  drawing  gaa; 
one  of  these  is  placed  within  the  ^-inch  water-supply  tube  and  runs 
the  full  length  of  the  sampler.  The  second  tube  for  drawing  gas 
comes  out  through  the  side  of  the  sampler  11  inches  from  the  end; 
and  the  third  gas  tube  comes  through  the  side  22  inches  from  the 


FiouBt  73,— Dtagrain  shonlng  ooustnictioD  o[  wat«i.)ai3lc<t«d  gu  niDplas. 

end  of  the  sampler,  or  11  inches  from  the  end  of  the  second  gas- 
sampling  tube.  Thus  three  separate  samples  can  be  drawn  simul- 
taneously with  this  sampler  from  three  diilerent  points  11  inches 
apart  in  the  furnace.  This  construction  saves  the  handling  of  three 
separate  samplers  which  would  require  six  water  connections,  whereas 
with  the  triple  sampler  two  water  connections  are  all  that  is  necessary  ■ 
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All  the  joints  on  the  part  of  the  sampler  protruding  into  the  furnace 
are  brazed ;  all  other  joints  are  soldered.  Both  Bamplers,  B  and  C,  are 
much  lighter  than  A,  and  can  be  handled  much  raore  easily.  Another 
of  their  advantages  is  that  they  can  be  inserted  into  the  furnace 
through  a  much  smaller  opening  than  sampler  A. 

COHPABIBON  OF  OA8  SAKFLBS  OBTAINBD  WITH  THE  BOX  SAH- 
PIXB  BXCOlOIBirDBS  BT  THB  AHEBICAN  BOCIETT  OP  MBCHAN- 
ICAI.  BNOnraSBS  AHB  WITH  A  SUTOLE  FEBFOBATBD  TUBB. 

Figure  74  shows  the  results  of  sampling  gas  simultaneously  with 
the  gas  sampler  recommended  by  the  American  Society  of  Mechan- 
ical Engineers  and  a  single  small  pipe  a  few  inches  above  it,  reaching 
across  the  stack  base  and  perforated  with  small  holes,  as  described 
on  page  32.  It  will  be  noticed  that  the  multitubular  sampler 
gave  a  more  even  line,  on  account  of  its  containing  a  large  storage 
space.    The  daily  average  for  the  two  was  the  same  within  0.1  per 


cent.  But  this  excellent  showing  with  the  multitubular  sampler  was 
obtained  only  by  constant  care  of  it,  for  it  gave  a  great  deal  of 
trouble  from  leakage. 

The  durent  of  gas  through  the  small  tubes  of  the  multitubular 
sampler  was  so  stow  that  soot  and  small  particles  of  ash  settled  in 
them  and  hardened,  thus  gradually  stoppii^  the  openings.  Those 
tubes  taking  samples  from  that  portion  of  the  gas  stream  carrying 
the  most  soot  and  ash  became  stopped  sooner  than  the  others.  Thus 
the  multitubular  sampler  lost  the  apparent  advantage  which  led  to 
its  design— the  advantage  of  drawing  a  sample  from  every  portion 
of  cross  section  of  the  gas  passage— and  thereby  lost  also  its  value 
as  a  sampler.  It  may  be  stated  here  that  when  the  sampler  was 
taken  out  after  two  years  of  usage  about  three-fourths  of  the  sam- 
pling tubes  were  found  to  be  stopped  up,  although  the  sampler  had 
often  been  blown  out  with  steam.  One  of  the  disadvantages  of  the 
sampler  is  its  tendency  to  level  all  readings,  so  that  the  man  running 
99133'— BuU.  23—12 20 
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the  fire  cao  not  depend  on  it  for  guidance  as  much  as  he  can  on  the 
sin^e-tube  sampler.  For  theee  reasons  the  multitubular  sampler 
recommended  by  the  American  Society  of  Mechanical  Engineers  was 
permanently  discarded. 

OAS-IOXINO  BTKUOTUSSa  IN  TEE  OOMBVgTtOS  OHAMBBB.. 

On  most  of  the  tests  made  at  the  fuel-teeting  plant  there  were 
special  fire-brick  constructions  of  some  kind  in  the  combuation  cham- 
fa«r  to  facilitate  the  mixing  of  the  volatile  combustible  and  the  oxygen 
of  the  air.  The  first  mixing  wall  shown  in  figure  4  was  built  in  con- 
nection with  the  Hu^es  automatic  smoke  preventer.     It  lasted  only 


Fl<]nBB7E.— Ow-mlziiicmllbiilltlDtliEoambuBtlODCbaiiibmalboPaiaNcH.  lands. 

about  two  weeks  and  was  not  thereafter  rebuilt  during  the  series  of 
the  first  78  tests.  During  April  and  May,  1905,  several  attempts 
were  made  to  buUd  a  mixing  wall  out  of  ordinary  fire  brick.  How- 
ever, all  these  attempts  failed,  the  wall  melting  down  after  two  or 
three  days'  run.  It  was  concluded  that  only  lai^  blocks  made  of 
the  best  material  could  for  any  length  of  time  stand  the  high  tem- 
perature and  the  slaving  action  of  the  gases.  Consequently,  a 
baffling  wall,  as  shown  m  figure  75,  was  built  of  large  fire-clay  blocks 
18  by  12  by  6  inches.  These  fire-clay  blocks  were  said  to  be  the 
best  material  that  could  he  obtained.  The  wall  was  built  in  three 
portions.    The  bottom  consisted  of  seven  blocks  set  up  vertically 
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and  forming  pillars  for  an  arch  of  six  similar  blocks  laid  diagonally 
across.  The  space  between  the  arch  and  the  tile  roof  was  com- 
pletely filled  with  ordinary  fire  brick  of  a  good  grade,  so  that  only 
the  space  between  the  pillars  was  left  for  the  passage  of  the  gases. 
The  intention  was  to  direct  the  stream  of  gases  against  the  upper 
solid  portion  of  the  wall  and  break  it  into  many  small  streams,  thus 
obtaining  an  effect  similar  to  that  of  a  stream  of  water  run  against  a 
solid  wall.  To  further  mix  the  gases,  six  additional  large  blocks  were 
set  up  vertically  back  of  the  mixing  wall  and  immediately  in  front 
of  the  six  openrags  between  the  pillars.  It  would  seem  that  the 
eddies  caused  by  these  obstacles  in  the  path  of  the  gases  greatly 
aided  the  mixing. 


FkouSK  7e.->Side  eleyation  of  boiler  setting,  showing  openings  in  the  walls  for  taking  temperstme 

measurements. 

The  first  gas-mixing  wall  of  this  construction  lasted  about  four 
months.  It  must  be  stated,  however,  that  the  tests  made  during 
this  period  were  run  below  the  rated  capacity  of  the  boiler,  a  fact 
that  no  doubt  increased  the  life  of  the  mixing  wall.  Later,  when 
very  hot  fires  and  high-capacity  tests  were  run,  the  mixing  walls 
lasted  from  two  weeks  to  a  month.  In  these  tests  the  temperature 
at  the  foot  of  the  mixing  wall  was  3,000°  F.,  or  even  higher. 

The  following  are  representative  temperatures  at  five  places  in  the 
furnace.  Each  value  is  the  average  of  10  readings  taken  with  the 
Wanner  optical  pyrometer.  The  individual  readings  were  taken 
successively  through  the  openings  A,  B,  C,  D,  and  E,  shown  in  figure 
76,  so  that  the  given  averages  show  temperatures  taken  nearly  simul- 
taneously at  the  five  places. 
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Fwmace  temveraturei  taken  during  test  No,  3S9, 

•F. 

Temperature  of  fuel  bed  (A) 2, 470 

Temperature  above  fire  (B ) 2, 586 

Temperature  over  bridge  wall  (C) 2, 826 

Temperature  at  the  baae  of  mixing  wall  (D) 2, 989 

Temperature  in  rear  of  combustion  chamber  (E) 2, 447 

The  fact  that  on  two  occasions  an  exposed  platinum  and  platinum- 
rhodium  couple,  inserted  through  opening  D,  melted  after  an  exposure 
of  about  30  seconds  is  strong  evidence  of  the  high  temperature  to 
which  the  mixing  wall  was  subjected.  These  mixing  walls  were 
finally  abandoned  and  replaced  by  piers  of  small  fire  brick  set  on 
top  of  the  bridge  wall.  The  mixing  walls,  however,  were  far  more 
efficient  as  smoke  preventers  and  heat  regenerators,  although  they 
retarded  the  draft  considerably. 

Just  how  much  the  over-all  efficiency  of  the  steam-generating  appa- 
ratus was  increased  by  the  use  of  such  mixing  structures  as  are  shown 
in  figure  75  is  difficult  to  say.  The  experimenters  have  never  been 
able  to  obtain  any  definite  and  reliable  figures.  All  that  the  authors 
can  say  is  that  it  was  a  general  belief  among  the  members  of  the 
section  that  the  efficiency  was  increased  1  to  3  per  cent  by  such  a 
mixing  structure.  To  obtain  definite  figures  it  would  be  necessaiy 
to  make  many  tests  with  the  same  coal  in  the  same  furnace  with  and 
without  such  a  mixing  wall. 

BVFECT    OF   THE    SPECIAL    AXB-TIGHT    BOIUEBB    SBTTINO  ON 

ECONOMY. 

In  Part  I,  pages  22  to  24,  a  description  is  given  of  a  special 
Hboiler  setting  which  was  entirely  inclosed  in  an  air-tight,  sheet-iron 
casing.  The  object  of  erecting  this  setting  was  to  determine  (a) 
whether  air  spaces  in  the  side  walls  reduce  the  radiation  losses  and 
thereby  increase  the  efficiency;  Q>)  whether  by  preventing  air  leak- 
age the  heat  loss  in  the  chinmey  gases  was  reduced  and  the  efficiency 
raised.  It  was  further  desired  to  obtain  imdiluted  samples  of  flue 
gases,  so  that  an  accurate  heat  balance  could  be  computed. 

It  is  to  be  regretted  that  no  special  investigation  regarding  the 
composition  of  gases  at  various  places  inside  the  boiler  setting  was 
possible  and  that  no  special  gas  analyses  were  made  which  would 
give  exact  figures  on  the  effectiveness  of  the  sheet-iron  casing  to 
prevent  leakage.  Soon  after  the  setting  was  erepted  several  members 
of  the  steam-engineering  section  were  detailed  to  make  steaming 
tests  on  briquetted  coals  elsewhere  and  hardly  enough  men  were  leit 
at  the  plant  to  take  the  regular  observations. 

There  were  in  all  85  steaming  tests  made  with  this  special  boiler 
setting.  Table  12  shows  how  the  average  efficiency  of  the  85  tests 
compares  with  the  average  efficiency  of  208  tests  made  on  boilers 
with  the  standard  brick  setting. 
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The  figures  in  the  table  show  that  nothing  whatever  was  gained  in 
efficiency.  What  was  gained  by  the  air-tight  setting  was  perhaps 
lost  by  increased  radiation.  The  double  fire  door  exposed  too  much 
iron  surface  directly  to  the  fire  and  thus  increased  the  radiation  from 
the  front  of  the  fiu'nace.  Furthermore,  the  temperature  of  the 
sheet-iron  casing  on  the  sides  of  the  boiler  often  rose  above  the  boil- 
ing point  of  water,  indicating  that  too  much  heat  passed  through  the 
air  spaces  in  the  side  walls. 

Table  12. — Comparison  of  the  efficiencies  obtained  with  standard  brick  settings  and  the 

special  hoitow-tile  and  air-fight  boiler  setting. 


Type  of  .setting. 

Nnmber  of 
tests  aver- 
aged. 

Combined  efficiency  of 
l)oIler  and  combustion 
space  (per  cent). 

Geometri- 
cal average. 

Arithmeti- 
cal average. 

Btendiirdi^rkk. ..                              , 

208 
85 

• 

(VI 34 
6460 

65.43 

Hollow-tile  and  air-tight 

64.79 

It  is  generally  believed  that  since  air  is  a  poor  conductor  of  heat, 
air  spaces  built  into  the  walls  of  a  furnace  will  prevent  or  reduce  heat 
dissipation  through  the  walls.  There  may  be  a  few  instances  in 
which  such  construction  of  furnace  walls  reduces  the  rate  of  heat  flow 
through  them;  however,  in  most  cases  the  effect  of  the  air  spaces  is 
just  the  opposite.  Although  heat  travels  very  slowly  through  air 
by  conduction,  it  leaps  over  the  air  space  readily  by  radiation. 

It  may  be  stated  here  that  the  amount  of  heat  passing  through  a 
given  portion  of  a  solid  wall  by  conduction  depends  on  the  difference 
of  the  temperatures  of  the  two  planes  limiting  that  portion  of  the 
wall.  The  amount  of  heat  passing  across  a  given  air  space  by  radia- 
tion depends  upon  the  difference  of  the  fourth  powers  of  the  absolute 
temperatures  of  the  surfaces  inclosing  the  air  space.  The  laws  gov- 
erning the  rate  of  heat  transmission  by  conduction  and  by  radiation 
are  expressed  by  the  following  two  equations : 


(1) 


c 
Heat  transmitted  by  conduction  =  H  =  -^  (T  —  0 


where  c  is  the  heat  conductivity  of  the  material  of  the  wall;  T  and  t 
are  the  temperatures  of  the  wall  material  in  any  two  parallel  planes 
not  separated  by  air  space;  and  d  is  the  distance  between  the  two 
planes. 

(2)  Heat  transmitted  by  radiation  =  H  =  C(T/  -  T/) , 

where  C  is  the  constant  of  radiation  and  T^  and  Tj  are  the  absolute 
temperatures  of  two  surfaces  separated  by  an  air  space. 

It  can  be  readily  imderstood  from  the  nature  of  the  two  equations 
that  in  the  case  of  the  heat  conduction  through  a  solid  portion  of  the 
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wall  the  loss  remains  approximately  the  same  so  long  as  the  differ- 
ence in  temperature  of  the  two  planes  remains  constant,  no  matter 
what  the  temperature  of  the  two  planes  may  be.  On  the  other  hand, 
the  heat  passing  across  the  air  space  by  radiation  increases  rapidly 
with  the  temperature  of  the  inclosing  surfaces,  although  the  differ- 
ence between  their  temperatures  may  remain  constant.  It  follows 
that  the  air  space  which  is  advantageous  in  the  walls  of  a  refrigerator 
because  the  temperatures  are  low  is  objectionable  in  furnace  walls 
because  the  temperatiu'es  are  high.  If  it  is  necessary  to  build  fur- 
nace walls  double  on  account  of  imequal  expansion,  the  space  between 
the  two  walls  should  be  filled  with  some  solid,  nonconducting  material. 
This  statement  has  been  confirmed  by  experiments  made  at  the 
testing  plant  in  Pittsburgh,  Pa.,  which  are  described  in  Bulletin  8  of 
the  Biu'eau  of  Mines,  entitled  ^^The  Flow  of  Heat  through  Furnace 
Walk." 

Returning  to  the  results  of  the  tests  made  with  the  special  setting, 
it  may  be  said  in  favor  of  the  latter  that  the  coals  tested  were  perhaps 
of  lower  grade  than  the  coals  tested  with  the  standard  setting.  Tak- 
ing this  probability  into  consideration,  the  efficiencies  of  the  two 
settings  were  about  the  same. 

As  far  as  accuracy  of  data  is  concerned,  it  must  be  said  that  the 
flue-gas  analyses  and  the  measurements  of  flue-gas  temperatures 
were  much  more  consistent  with  the  special  setting,  although  credit 
must  be  partly  given  to  the  apparatus  in  the  stack  where  tempera- 
tures and  flue-gas  samples  were  taken. 

COHPABISON  OF  BESTTIiTS  OBTAINED  ON  BOILSBS  NOS.  1  AND  2 
WITH  THOSE  OBTAINED  ON  BOILBBS  NOS.   6  AND  6. 

Boiler  No.  6  was  provided  with  a  special  horizontal  baffle  that 
caused  the  gases  to  pass  twice  through  the  tube  space  of  the  boiler 
without  passing  under  the  steam  drum.  A  full  description  of  this 
special  baffle  is  given  on  pages  26  and  27.  The  object  of  this 
method  of  bafiiing  was  to  lengthen  the  path  of  the  gases  through 
the  tubes  of  the  boiler,  thereby  increasing  the  length  of  contact  (or 
rather  the  number  of  contacts)  of  each  particle  of  gas  with  the  heat- 
absorbing  surface  of  the  tubes.  The  longer  the  contact  the  greater 
is  the  heat  exchange  between  the  gases  and  the  heating  surface. 
Therefore  boiler  No.  6  should  show  a  greater  heat  absorption  than 
boilers  Nos.  1,  2,  4,  and  5. 

Figure  77  compares  the  heat-absorbing  properties  of  boiler  No.  6 
with  those  of  No.  5.  The  abscissas  on  the  plat  are  the  temperatures 
in  the  combustion  chamber  and  the  ordinates  are  the  drops  in  the 
temperature  of  the  gases  as  they  pass  through  the  two  boilers.  The 
temperature  drops  are  due  to  the  absorption  of  heat  by  the  boilers* 
heating  surfaces,  and  thereforo  are  the  measures  of  the  heat-absorbing 
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properties  of  the  two  boilers.  Curve  No.  1  shows  how  much  boiler 
No.  6  reduces  the  temperature  of  the  gases,  and  curve  No.  2  shows 
the  same  thing  for  boiler  No.  5.  Thus  the  plat  shows  that  when  the 
combustion-chamber  temperature  in  both  boilers  is  2^00^  F.,  boiler 
No.  5  reduces  it  by  1,610°  P.,  whereas  boiler  No.  6  reduces  it  by 
1,610°  F.  If  the  temperature  of  the  steam  in  both  boilers  is  taken  as 
350°  F.,  the  available  temperature  drop  is  2,100-360-1,750°  F, 

Therefore  boiler  No.  6  absorbs  ijkq  *"  86.3  per  cent,  and  boiler  No.  6, 

j^Y^  ™  ®^  P®^  ^®^*  ^'  ^®  available  heat.  Again,  when  the  tempera- 
ture of  the  combustion  chamber  is  2,600°  F.  boiler  No.  5  reduces  the 


tooo         ttoo 

00MBU8TI0N  CHAMBER  TEMEERATURE,  •  F. 

FlOTTBB  77.— Cuires  showing  fche  heat-absorbing  properties  of  boilers  Nos.  5  and  0.    No.  1  shows  the  heat 
absorbing  properties  of  boiler  No.  0  and  No.  2  shows  the  heat-absorbing  properties  of  boiler  No.  6. 

temperature  of  the  gases  by  1,900°  F.  and  boiler  No.  6  by  2,060°  F. 
The  available  temperature  drop  in  this  case  is  2,600  — 360 » 2,250° 

F.,  so  that  boiler  No.  5  absorbs  oot^o^^^'^  P®^  ^^^^^^  *"^^  boiler  No.  6, 

2  060 

2%^  =  91.6  per  cent  of  the  heat  available  for  absorption.  This  cal- 
culation based  on  temperatures  indicates  that  boiler  No.  6  is  about  6 
per  cent  better  as  a  heat  absorber  than  boiler  No.  6,  taking  the  utmost 
available  heat  absorption  as  100  per  cent. 

Table  13  shows  how  the  efficiency  of  boiler  No.  6  compares  with 
the  efficiency  of  boiler  No.  6,  and  also  with  that  of  boilers  Nos.  1  and  2. 
In  the  second  horizontal  line  the  efficiencies  are  given  just  as  the 
averages  were  obtained  from  the  results  given  in  Table  14. 

In  this  line  the  efficiency  of  boiler  No.  6  is  0.6  per  cent  below  that 
of  boiler  No.  5,  and  2.4  per  cent  above  that  of  boilers  Nos.  1  and  2. 
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It  should  be  noted,  however,  that  the  average  capacity  of  boiler  No. 
6  is  considerably  higher  than  that  developed  by  the  other  boilers. 
If  all  boilers  developed  the  same  capacities  boiler  No.  6  would  show 
a  marked  improvement  in  efficiency  over  the  other  boilers. 

On  the  basis  of  the  general  relation  between  the  capacity  and  the 
efficiency,  as  indicated  in  figures  17,  20,  and  23,  the  efficiencies  of 
the  second  line  of  Table  13  have  been  reduced  to  a  common  capacity 
of  95.5  per  cent,  and  are  given  in  the  fourth  vertical  column.  This 
reduction  makes  the  efficiency  of  boiler  No.  6  0.6  per  cent  higher 
than  that  of  boiler  No.  5  and  4.2  per  cent  higher  than  the  efficiency 
of  boilers  Nos.  1  and  2.  Inasmuch  as  boiler  No.  5  was  baffled  in 
exactly  the  same  way  as  boilers  Nos.  1  and  2  the  superiority  of  outfit 
No.  5  over  those  of  Nos.  1  and  2  lies  in  the  mechanical  stoking  device. 
Better  combustion  was  undoubtedly  obtained  with  the  underfeed 
stoker  than  with  the  hand-fired  furnace. 

Table  13. — Comparison  of  the  efficiency  of  boilers  Nos.  1  and  2  vnth  that  of  No.  5  and 

No.  6. 


Boiler  No. 

Number  of 

tests 
averaged. 

AYaruaoom- 

IMned  efllciency 

of  boUer  and 

combustion 

space  (column 

81,  Table  4). 

Aveiage 

capacity 

developed. 

Probable  com- 
bined efficiency 
of  boiler  and 
combustion 
spaoelfaU 
boilers  devel- 
oped same 
capacity  of 
95.5  per  cent. 

'•I 

6 

401 

23 
6 

64.5 
67.4 
60.9 

92.6 

95.5 

104.4 

63.8 
67.4 
68.0 

If  the  figures  in  the  last  column  of  Table  13  can  be  trusted,  the  fol- 
lowing conclusions  can  be  drawn :  By  substituting  the  underfeed  stoker 
for  the  hand-fired  furnace  of  boiler  No.  1  the  efficiency  is  improved 
about  3.5  per  cent;  by  retaining  the  hand-fired  furnace  of  boiler  No.  1 
and  baffling  the  boiler  for  double  pass  of  gases  through  the  tube  spaces, 
the  efficiency  is  improved  about  4.2  per  cent.  In  the  first  case  the 
improvement  is  due  to  better  combustion,  and  in  the  second  case  it  is 
due  to  better  heat  absorption  by  the  boiler  by  reason  of  the  changed 
baffling. 

In  judging  the  reliability  of  the  figures  given  in  Table  13,  the  fact 
should  be  considered  that  the  tests  made  on  boilers  Nos.  1  and  2  were 
made  with  coals  coming  from  all  over  the  country,  whereas  the  tests 
made  on  boilers  Nos.  5  and  6  were  made  with  high-grade  coals 
coming  from  the  New  River  region.  On  this  account  the  efficiency 
of  boilers  Nos.  1  and  2,  as  given  in  the  table,  is  perhaps  1  per  cent, 
or  thereabout,  too  low. 
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TTJBBS. 

During  the  second  year's  operation  of  the  fuel-testing  plant  at  St. 
Louis,  Mo.,  attempts  were  made  to  measure  the  temperature  of  the 
gases  as  they  passed  among  the  tubes  of  the  Heine  boiler.  Ten 
thermocouples,  about  22  feet  long,  were  inserted  among  the  tubes  of 
the  boiler  through  the  staybolt  holes  in  the  front  water  leg.  These 
thermocouples  were  long  enough  to  reach  the  entire  length  of  the 
gas  path  through  the  tube  space.  They  were  made  of  copper  and 
German-silyerwire,  as  it  was  not  expected  that  the  temperature  would 
be  high  enough  to  materially  effect  these  metals,  and  platinum  couples 
were  out  of  the  question  on  account  of  their  high  cost.  The  wires 
of  the  thermocouples  were  insulated  with  hard  glass  tubing  and 
placed  within  standard  f-inch  iron  pipes  of  suitable  length.  The 
junctions  of  the  wires  projected  about  i  inch  out  of  the  iron  pipe. 
The  space  between  the  wires  and  the  inside  of  the  iron  pipe  at  the 
cold  end  of  the  pipe  was  well  filled  with  cotton  waste  to  prevent  cold 
air  from  being  drawn  into  the  pipe  and  cooling  the  couple. 

It  was  planned  to  insert  these  thermocouples  successively  into  each 
horizontal  row  of  staybolt  holes  and  measure  the  temperature  of  the 
gases  for  each  foot  of  length  in  the  spaces  between  two  adjacent  hori- 
zontal rows  of  tubes.  Starting  with  the  top  horizontal  row  of  stay- 
bolt  holes  the  junctions  of  the  thermocouples  were  placed  1  foot  from 
the  front  water  leg.  After  two  or  three  minutes,  allowed  for  the  couples 
to  be  heated  to  the  temperature  of  the  gases,  readings  of  the  thermo- 
couples were  taken  in  rapid  succession  so  as  to  make  these  readings 
as  nearly  simultaneous  as  possible.  The  junctions  of  the  thermo- 
couples were  then  moved  1  foot  farther  from  the  front  water  leg  and 
another  series  of  10  readings  was  taken,  and  so  on  until  the  tempera- 
tures along  the  entire  length  of  the  tube  space  were  obtained.  The 
thermocouples  were  then  placed  in  the  next  row  of  staybolt  holes 
below.  This  procedure  was  to  be  repeated  until  the  temperatures 
in  all  the  spaces  were  obtained.  To  facilitate  rapid  reading  of  tem- 
peratures, the  thermocouples  were  connected  to  a  10-point  switch. 

After  the  readings  in  several  rows  were  obtained  and  studied,  these 
temperature  measurements  were  found  to  be  inconsistent,  and  the 
investigations  were  abandoned.  The  temperatures  indicated  by  the 
couples  were  very  much  the  same  throughout  the  full  length  of  the 
tubes,  and  were  too  low.  The  reason  for  such  results  was  that  the 
junctions  of  the  thermocouples  were  too  close  to  the  boiler  tubes  and 
were  so  completely  surrounded  by  the  water-heating  surfaces  that 
the  couples  measured  the  temperature  of  the  surfaces  rather  than  that 
of  the  gases.  It  should  be  stated  here  that  at  first  the  temperatures 
were  thought  to  be  low  because  the  ends  of  the  pipes  containing 
the  junctions  of  the  thermocouples  rested  on  the  tubes,  as  shown 
by  thermocouple  B,  figure  78. 
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The  ends  of  the  iron  pipes  containing  the  couples  were,  therefore, 
bent  upward,  so  that  the  junction  of  the  wires  would  be  in  position 
as  shown  by  thermocouple  A,  but  no  marked  improvement  was 
obtained.  The  cooling  of  the  thermocouple  junctions  took  place 
principally  by  radiation  rather  than  by  conduction.  What  actu- 
ally happened  was  this :  The  hot  gases  imparted  heat  to  the  junc- 


HtOClowBtay-bolt 

^1 


Ifaermooouple  A 


Thermooouple  B 


ITcont  water  leg 


FiQUBB  78.— Diagram  showing  method  of  meaBorlng  temperatures  among  boDer  tubes. 

tion  of  the  thermocouple  by  convection;  that  is,  some  of  the 
particles  of  the  gas  came  into  actual  contact  with  the  junction  and 
transferred  to  it  part  of  the  heat  that  they  contained.  As  soon  as 
the  junction  absorbed  this  imparted  heat  its  temperature  rose  above 
that  of  the  surrounding  tubes  and  heat  was  radiated  from  the  junction 
to  the  cooler  surfaces  of  the  tubes;**  consequently  there  was  a  con- 


o  For  the  law  governing  the  rate  of  heat  traufer  by  radiatioa,  eee  p.  844. 
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stant  exchange  of  heat  in  the  junction;  heat  was  received  by  it  from 
the  gaseS;  and  again  radiated  to  the  tubes.  When  equilibrium  was 
acquired,  that  is,  when  the  thermocouple  indicated  a  constant  tem- 
perature, the  heat  received  from  the  gases  was  exactly  equal  to  the 
heat  radiated  to  the  tubes.  When  the  temperature  of  the  junction 
was  constant  it  was,  for  the  reason  stated  above,  somewhere  between 
the  temperature  of  the  gases  and  that  of  the  surfaces  of  the  tubes. 
The  investigation  has  shown  that  it  was  much  closer  to  the  tempera- 
ture of  the  tubes  than  to  that  of  the  gases. 

Although  the  above  investigation  failed  in  its  primary  purpose, 
which  was  to  obtain  the  temperature  drop  of  the  gases  as  they  passed 
among  the  tubes,  it  revealed  the  fact  that  it  is  difficult  to  measure 
the  temperature  of  gases  surrounded  by  surfaces  cooler  or  hotter 
than  the  gases  themselves. 

One  may  say  that  it  is  impossible,  with  ordinary  direct  methods, 
to  measure  the  temperature  drop  of  the  gases  as  Uiey  pass  through 
any  boiler.  By  direct  methods  is  meant  any  method  which  is  based 
on  the  assumption  that  a  thermometer  bulb  or  a  thermocouple,  or 
any  other  solid  object  placed  within  the  stream  of  gas  will  be  raised 
to  the  same  temperature  as  the  gas.  Such  assumption  would  be 
very  nearly  true  if  there  were  no  heat  loss  or  heat  gain  on  the  part 
of  ihe  inserted  object  to  or  from  the  surrounding  surfaces. 

THE  INCOBBBCTinSSS  OF  FLUE-OAS  TEHPEBATimES  AS  USTJAIiLT 

OBTAINED. 

The  investigations  described  in  the  preceding  section  cast  con- 
siderable light  on  the  accuracy  of  the  measurements  of  flue-gas 
temperatures.  Usually  the  thermometer  is  inserted  in  the  breeching, 
or  in  the  uptake  where  the  bulb  of  the  thermometer  is  exposed  to 
wall  or  metallic  surfaces  which  are  cooler  than  the  gas  scrubbing  the 
thermometer  bulb.  The  thermometer  constantly  radiates  heat  to 
these  surfaces;  therefore  the  thermometer  bulb  is  cooler  than  the 
gases  passing  it.  The  nearer  the  thermometer  to  the  boiler's  surfaces, 
the  lower  will  be,  in  general,  the  reading  of  the  thermometer;  the 
extreme  of  such  misleading  readings  may  be  obtained  by  placing  the 
thermometer  among  the  water  tubes  of  a  boiler. 

The  following  is  an  actual  case  of  very  low  flue-gas  temperature 
measurement  which  was  caused  by  placing  the  thermometer  too  near 
the  heating  surfaces  of  tubes.  Recently  one  of  the  authors  visited 
a  Pittsbui^h  boiler  plant  where  tests  were  being  conducted  with  a 
special  furnace  equipment.  The  engineer  in  chaise  showed  him 
tabulated  results  of  a  boiler  test  made  with  the  equipment.  These 
were  some  of  the  items : 

Steam  pressure  at  gage,  pounds 162 

Flue-gas  temperature,  ^'F 386 

Efficiency,  per  cent 78 

Temperature  corresponding  to  162  pounds  pressure,  ®F 371 
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The  above  figures  show  that  the  flue-gas  was  only  15®  F.  hotter 
than  the  water  in  the  boiler.  This  would  be  a  very  good  heat  absorp- 
tion indeed  if  the  temperature  measurements  were  correct.  How- 
ever^  on  investigation  of  the  methods  employed  in  the  measurements 
of  the  flue-gas  temperature  it  was  found  that  the  thermometer  was 
inserted  among  the  tubes  at  the  end  of  the  third  pass  of  the  usual 
Babcock  &  Wilcox  three-pass  boiler.  What  the  thermometer  reaUy 
did  measure  was  the  temperature  of  the  surrounding  tubes.  The 
actual  temperature  of  the  gases  at  that  place  was  perhaps  200  to 
300^  F.  higher. 

As  another  instance  of  low  flue-gas  temperature  readings  can  be 
given  the  results  obtained  in  a  test  made  on  a  Stirling  boiler  at  the 
Williston  plant  of  the  United  States  Reclamation  Service.* 

The  principal  parts  of  the  boiler  and  setting  are  shown  in  figure  79. 

The  coils  of  horizontal  tubes  shown  at  the  end  of  the  last  gas 
passage  are  preheaters  for  air  to  be  Introduced  into  the  furnace 
through  openings  in  the  bridge  wall.  For  the  purpose  of  measuring 
flue-gas  temperatures  a  mercury  thermometer  was  inserted  into  the 
uptake  through  an  opening  in  the  top  rear  door;  its  location  in  the 
uptake  is  shown  in  the  figure.  The  bulb  of  the  thermometer  was 
about  1  foot  above  the  preheating  coils,  midway  between  the  wall 
and  the  rear  drum,  and  about  3  feet  below  the  damper.  The  distance 
between  the  wall  and  the  rear  steam  drum  was  18  inches.  The  top 
half  of  the  nest  of  preheating  tubes  received  the  cold  air  directly 
from  a  fan  blower,  and  the  temperature  of  the  tubes  was  perhaps 
100  to  160^  F.  The  temperature  of  the  rear  steam  drum  was  prob- 
ably below  352°  F.,  the  temperature  of  steam  corresponding  to  125 
pounds  gage  pressure.  The  temperature  of  the  top  rear  door  was 
not,  perhaps,  over  100°  F.  The  temperature  of  the  damper  above 
was  probably  500°  F.  The  thermometer  bulb  received  heat  from 
the  gases  which  were  scrubbing  against  it,  and  radiated  heat  to  the 
comparatively  cold  surfaces  surrounding  it;  therefore,  the  ther- 
mometer indicated  a  temperature  considerably  below  that  of  the 
gases.  This  fact  was  discovered  by  placing  another  thermometer 
in  the  hood  of  the  stack  about  four  feet  above  the  damper.  The 
hood  of  the  stack  extended  over  the  uptake  of  another  boiler  which 
formed  one  battery  with  the  test  boiler.  During  the  testing  this 
other  boiler  was  banked  and  the  flue  gases  which  were  at  a  very  low 
temperature  entered  the  same  hood  of  stack  as  the  gases  from  the 
test  boiler.  There  was  no  partition  separating  the  two  halves  so 
that  the  cool  gases  from  the  banked  boiler  could  partly  mix  with  those 
from  the  test  boiler  and  lower  the  temperature  of  the  gases  from  the 
test  boiler.  Furthermore,  the  sheet  iron  of  the  hood  always  radiated 
a  considerable  quantity  of  heat  and  was,  therefore,  colder  than  the 

o  For  details  of  these  tests  see  Bureau  of  Mines  Bulletin  2. 
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gases  on  the  inside.  Consequently  the  thermometer  bulb  in  the 
stack  lost  some  heat  by  radiating  it  to  the  sheet  iron  of  the  hood, 
and  was  also  at  a  lower  temperature  than  the  gas  passing  it.  Never- 
thdess,  the  thermometer  in  the  hood  indicated  a  temperature  which 


waa  about  100°  F.  higher  than  lie  temperature  indicated  by  the 
thermometer  in  ^e  uptake.  This  difference  of  temperature  was 
doubtless  due  to  the  close  proximity  of  the  cold  preheating  coils  and 
the  rear  steam  drum.  Table  14  shows  the  temperature  as  obtained 
by  Uie  two  thermometers. 
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Table  14. — Flue-gas  Umperatwres  obtained  at  two  places  in  a  boiler  seUing. 


Test 
No. 

Beading  of  thermometer  above 
damper  (•F.). 

Reading  of  thennometer  below 
damper  (*  F.). 

Ayerage. 

Maximum. 

Minimum. 

Avenge. 

Maximum. 

Minimum. 

1 
2 
3 
4 
5 
6 

442 

470 
560 
436 
473 
519 

450 
500 
624 
470 
520 
555 

435 
435 
320 
385 
420 
465 

374 
373 
457 
379 
418 
448 

400 
410 
510 
425 
460 
475 

335 
350 
360 
325 
355 
400 

Note.— After  test  No.  6  all  readings  of  flue-gas  temperature  were  taken  above  the  damper. 

It  must  be  added  that  the  thermometers  were  exchanged  several 
timeS;  but  their  indication  persistently  bore  the  same  relation  as 
regards  position,  no  matter  what  thermometer  was  used. 

Perhaps  after  reading  this  discussion  the  reader  will  better  appre- 
ciate the  value  of  the  special  device  usied  in  connection  with  measuring 
the  flue-gas  temperatures  in  boilers  Nos.  4,  5,  and  6.  Often  great 
care  is  taken  to  calibrate  a  flue-gas  thermometer  to  within  one  degree 
and  then  the  instrument  is  placed  carelessly  in  the  uptake  or  boiler 
setting  and  correct  results  are  expected  or  claimed  without  paying 
any  attention  to  the  disturbing  effects  of  cooling  surfaces.  Certainly 
no  person  would  hang  a  thermometer  in  the  sun  and  claim  that  the 
temperature  indicated  by  it  was  the  temperature  of  the  surrounding 
air;  or,  in  a  parallel  case,  the  reading  of  a  thermometer  placed 
between  two  pieces  of  ice  in  a  warm  room  woiild  not  indicate  the 
temperature  of  the  air  in  the  room.  Still,  when  it  comes  to  meas- 
uring the  temperature  of  a  stream  of  gas  the  indication  of  a  ther- 
mometer is  taken  to  be  absolutely  correct,  because  the  thermometer 
is  known  to  be  correct,  without  regard  to  the  temperature  of  the  walls 
of  the  vessel  holding  the  gas. 

Gases  are  permeable  to  radiation,  a  fact  that  makes  the  correct 
measurements  of  gas  temperatures  a  high  art. 

r£sum£  of  special  plant  and  field  investiga- 
tions. 

The  steam-engineering  section  made  the  following  special  investi- 
gations at  the  plant  and  in  the  field: 

(a)  Experiments  on  heat  transmission  as  applied  to  steam  boilers. 

(b)  Experiments  relating  to  movement  of  gases  through  steam- 
generating  apparatus. 

(c)  Steaming  tests  with  briquetted  and  run-of-mine  coal  on  U.  S. 
torpedo  boat  Biddle, 

(d)  Steaming  tests  with  briquetted  and  run-of-mine  coal  on  a  loco- 
motive of  the  Seaboard  Air  Line  Railway. 

(e)  Steaming  tests  with  lignite  at  the  Reclamation  Service  plant 
at  Williston,  N.  Dak. 
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HBAT-TBANSXISSION  BXPBBIXENTS. 

The  heat-transmission  experiments  were  made  at  the  St.  Louis 
plant  with  a  laboratory  apparatus  consisting  of  a  small  multitubular 
boiler  and  an  electric  furnace.  In  these  experiments  air  was  heated 
electrically  and  passed  at  various  velocities  and  temperatures  through 
the  flues  of  the  boiler.  The  object  of  the  experiments  was  to  deter- 
mine the  effect  of  the  temperature  and  the  velocity  of  gases  on  the 
rate  of  the  heat  impartation  by  convection  to  the  heating  surfaces  of  the 
boiler.  The  heat  imparted  to  the  boiler  was  measured  by  condensing 
and  weighing  the  steam  made  in  the  boiler.  The  initial  temperature 
of  the  air  was  regulated  by  means  of  a  water  rheostat  which  controlled 
the  electric  current  to  the  furnace. 

The  pressure  drop  necessary  to  move  the  air  through  the  f\u*nace 
and  boiler  was  obtained  with  a  steam  ejector  placed  in  the  exit  end  of 
the  apparatus.  With  this  arrangement  a  total  pressure  drop  up  to  24 
inches  of  water  could  be  obtained.  Five  series  of  tests  were  run  with 
mitial  temperatium  of  the  air  at  700;  900,  1,200;  and  1;500''  F.  The 
velocity  of  the  air  through  the  boiler  was  kept  constant  for  any  one 
test;  but  varied  for  the  different  tests  in  the  same  series. 

Elxperiments  were  made  with  four  boilers,  all  having  10  flues  of 
drawn  copper  tubing  and  the  same  external  diameter;  4^  inches. 
Three  of  the  boilers  were  8  inches  in  length,  and  had  flues  of  three 
different  diameters.  The  object  of  experimenting  with  these  three 
boilers  was  to  determine  the  effect  of  the  diameter  of  flues  on  the 
true  boiler  efficiency.  The  fourth  boiler  was  16  inches  long;  the 
object  of  experimenting  with  this  boiler  was  to  study  the  effect  of 
the  length  of  the  flues  on  the  true  boiler  efficiency. 

The  electric  furnace  was  of  the  resistance  type  and  consisted  of  six 
coils  of  pure  nickel  wife. 

ThOTe  were  made  with  these  boilers  237  reliable  tests  varying  in 
length  from  20  minutes  to  2  hours,  according  to  the  rate  of  working 
of  the  boiler.  High-capacity  tests  were  short  and  low-capacity  tests 
were  long. 

The  following  are  the  principal  deductions  drawn  from  these  ex- 
periments: 

When  the  temperature  of  the  air  entering  a  boiler  remains  constant, 
the  rate  of  heat  impartation  to  the  boiler  flues  by  convection  increases 
nearly  in  direct  proportion  to  the  velocity  of  the  air  passing  through 
the  flues.  This  is  particularly  true  beyond  a  certain  velocity  which 
is  called  the  critical  velocity. 

When  the  velocity  of  the  air  remains  constant  the  rate  of  heat  im- 
partation to  the  flues  by  convection  increases  when  the  initial  tempera- 
ture rises,  but  not  in  direct  proportion  to  the  rise.  The  increase  in 
the  rate  of  heat  absorption  becomes  smaller  for  equal  rises  in  the 
initial  temperature  as  the  latter  becomes  higher. 

Beyond  the  critical  velocity  the  true  boiler  efficiency  is  nearly  con- 
stant for  any  rate  of  working  and  for  any  initial  temperature. 
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The  critical  velocity  increases  when  the  temperature  rises  and  seems 
to  drop  when  the  diameter  of  the  flues  is  increased. 

Increasing  the  diameter  of  the  flues  decreases  their  efficiency  as 
heat  absorbers;  that  is,  flues  of  large  diameter  are  less  efficient  than 
flues  of  small  diameter  of  the  same  length,  although  the  lai^e  flues 
have  more  heating  surface.  The  higher  efficiency  of  small  tubes  is 
due  to  the  fact  that  the  average  distance  of  each  particle  of  gas  from 
the  flue  is  shorter  and  therefore  each  particle  of  gas  comes  oftener  in 
contact  with  the  surface  of  the  flues.  It  is  not  the  amount  of  heating 
surface  which  determines  the  efficiency  of  a  boiler,  but  the  cross- 
sectional  area  of  the  gas  passage  and  the  arrangement  of  the  surface 
with  respect  to  the  flow  of  gas. 

Increasing  the  length  of  flues  increases  their  efficiency,  but  not  in 
direct  proportion;  the  increase  in  efficiency  becomes  smaller  with 
every  successive  addition  to  the  length  of  the  flues,  so  that  increasing 
the  length  of  flues  beyond  some  certain  value  is  not  good  economy. 

The  capacity  of  any  boiler  can  be  increased  by  passing  larger 
weights  of  gases  over  its  heating  surfaces,  provided  that  the  initial 
temperatm*e  is  the  same. 

The  efficiency  of  any  boiler  can  be  increased  by  making  the  gas 
passages  smaller*  in  cross  section  in  comparison  to  the  length.  This 
can  be  done  either  by  reducing  the  cross  sections  of  the  individual  gas 
passages,  keeping  their  length  the  same,  or  by  increasing  the  length  of 
the  gas  passages,  keeping  their  cross  sections  the  same. 

The  detailed  description  of  these  heat-transmission  experiments 
and  the  discussion  of  the  results  are  given  in  Bureau  of  Mines  Bulletin 
No.  18,  entitled  ''Heat  Transmission  into  Steam  Boilers." 

BXPEBIMENTS  BBLATING  TO  XOVEHBMTS  OF  GASES  THROXrGH 

8TEAM-GBNEBATIHG  APPABATU8. 

During  the  months  of  March  and  April,  in  1908,  the  steam-engineer- 
ing section  made  a  series  of  experiments  with  the  object  of  obtaining 
data  on  which  to  base  the  study  of  the  effects  that  the  resistance 
of  the  fuel  bed  and  the  boiler  has  on  the  pressure  drops  and  the  weight 
of  gases  flowing  through  the  steam-generating  apparatus.  A  smaU 
laboratory  apparatus  was  used  which  consisted  of  a  glass  tube  about 
li  inches  in  internal  diameter  and  18  inches  long.  Within  this  tube, 
which  was  placed  in  a  vertical  position,  were  two  beds  of  shot  sup- 
ported on  wire  screens.  One  of  these  beds,  kept  at  a  constant  thick- 
ness, represented  the  boiler.  The  other  bed,  varied  in  thickness  in 
the  different  experiments,  represented  the  fuel  bed.  The  glass  tube 
was  connected  by  an  iron  pipe  to  a  measuring  tank  of  10  cubic  feet 
capacity. 

Air  was  made  to  flow  through  the  glass  tube  containing  the  two 
beds  of  shot  by  filling  the  measuring  tank  with  water  and  then 
emptying  it.  The  flow  of  air  through  the  tube  was  regulated  by 
the  manipulation  of  the  water  valve  in  the  emptying  and  fiUing  of  the 
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tank,  which  was  provided  with  a  gage  glass  so  that  the  amount  of 
water  in  the  tank  could  at  all  times  be  estimated.  The  pressure 
above  each  bed  was  measured  by  a  U-tube  manometer. 

Experiments  were  made  with  the  air  flowing  in  either  direction 
through  the  tube  and  beds  of  shot.  The  exact  time  of  starting  and 
stopping  each  experiment  was  noted.  During  the  experiment  one 
observer  operated  the  water  valve  so  as  to  have  the  air  pressure 
indicated  by  the  manometei  as  uniform  as  possible,  the  pressure 
seldom  varying  as  much  as  10  per  cent  from  the  average.  Another 
observer  read  and  recorded  the  air  pressures  and  temperature  as 
often  as  convenient.  Thus,  the  duration  of  the  test,  the  volume  of 
air  displaced,  and  its  temperature  being  known,  the  rate  of  flow  of  air 
for  each  difference  of  pressure  and  each  thickness  of  shot  bed  could 
be  computed. 

Laboratory  apparatus  was  used  in  these  experiments  in  preference 
to  large  boilers  because  of  the  low  cost  of  construction  and  ease  of 
manipulation.  To  make  such  experiments  on  large  boilers  would 
not  only  be  too  costly  but  also  inaccurate,  because  on  such  a  large 
apparatus  it  would  be  difficult  to  control  the  conditions  so  as  to 
have  only  one  or  two  varying  quantities  while  holding  the  rest  fixed. 
Those  who  have  ever  tried  to  get  even  relative  figures  on  the  resistance 
of  hot  fuel  beds,  or  who  have  attempted  to  measure  the  weight  of 
gases  flowing  through  a  boiler,  will  reaUze  how  difficult,  not  to  say 
hopeless,  a  task  it  would  be  to  make  such  experiments  on  a  large 
boiler.  Shot  was  selected  for  the  experiments  because  of  its  regu- 
larity and  uniformity  of  size  and  the  comparative  ease  with  which 
the  aggregation  of  the  spheroids  with  respect  to  one  another  can  be 
reproduced. 

In  aU,  125  reliable  experiments  were  made.  Two  sizes  of  shot 
were  tried,  No.  8,  which  averaged  about  0.0974  inch  in  diameter, 
and  No.  4,  having  an  average  diameter  of  0.125  inch. 

The  principal  deductions  relative  to  steam-generating  apparatus 
drawn  h*om  these  experiments  can  be  stated  as  follows: 

(a)  When  the  total  pressure  drop  and  the  temperature  remain 
constant  the  pressure  drop  through  the  fuel  bed  increases  when  the 
resistance  of  the  bed  increases,  although  the  exact  relation  may  not 
be  a  direct  proportion. 

(b)  When  the  thickness  of  the  fuel  bed  is  increased  the  pressure  drop 
thix)ugh  it  must  be  increased  in  the  same  proportion  if  the  weight  of 
air  is  to  remain  the  same;  that  is,  when  the  thickness  of  the  fuel  bed 
is  doubled  the  pressure  drop  through  it  must  be  doubled  if  the  weight 
of  air  passed  through  it  is  to  remain  constant. 

(c)  When  the  total  pressure  drop  from  ash  pit  to  uptake  remains 
constant  the  weight  of  gas  passing  through  the  steam-generating 
apparatus  decreases  when  the  pressure  drop  through  the  fuel  bed 
increases.     This  deduction  follows  from  the  deduction  under  (a). 

99133**— Bull.  23—12 ^21 
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(d)  When  the  pressure  drop  through  the  fuel  bed  and  the  thickness 
of  the  bed  remain  constant  the  weight  of  air  passing  through  it  will 
increase  with  the  size  of  the  coal;  the  relation  between  the  two  seems 
to  be  approximately  a  direct  proportion. 

Further  details  and  the  results  of  these  experiments  can  be  found 
in  Bureau  of  Mines  Bulletin  21. 

TESTS  OF  BUN-OF-MINE   AND  BBIQUETTED  COAL  ON  THE  TOB- 

PEDO  BOAT  BEDDLE. 

The  fuel  tests  conducted  at  Norfolk  included  a  detailed  investi- 
gation of  a  number  of  Vii^nia  and  West  Virginia  coals  that  are 
bought  by  the  United  States  Government  for  the  Navy  and  for  use 
in  constructing  the  Panama  Canal.  The  same  coals  are  also  exten- 
sively used  by  the  merchant  marine,  manufacturing  plants,  and 
railroads.  Through  a  cooperative  arrangement  with  the  Navy 
Department  steaming  tests  of  the  coals  were  undertaken  with  the 
object  of  determining  the  relative  merits  of  the  same  coal  when 
burned  in  run-of-mine  form  or  as  briquets  under  marine  boilers. 

The  tests  were  made  on  board  the  U.  S.  torpedo  boat  BiddUf  desig- 
nated for  that  purpose.  The  results  of  these  tests  were  published 
in  United  States  Geological  Survey  Bulletin  No.  403,  and  have  been 
reprinted  in  Bureau  of  Mines  Bulletin  33. 

'  The  main  object  of  these  tests  was  to  determine  whether  the  use 
of  briquetted  coal  on  torpedo  boats  has  any  advantages  over  the 
use  of  run-of-mine  coal.  Besides  the  economy  obtained  with 
briquetted  and  with  raw  coal,  the  following  properties  of  the  two 
fuels  were  given  particular  attention:  (a)  The  tendency  to  smoke; 
(b)  the  amount  of  sparks  emitted  from  the  stack;  (c)  the  rate  at  which 
steam  can  be  made  and  the  ease  with  which  the  fires  are  handled; 
(d)  the  ease  of  transferring  fuel  from  the  coal  bunkers  into  the  fireroom. 

The  coal  used  in  these  tests  was  all  run-of-mine  and  came  from  four 
different  mines,  all  of  which  are  located  on  the  Chesapeake  &  Ohio 
Railway,  and  in  the  New  River  coal  field. 

Jamestown  No.  6  coal  came  from  the  Sewell  bed  at  Red  Star,  Fay- 
ette County,  W.  Va.;  Jamestown  No.  9  coal  came  from  the  Sewell 
bed,  mined  near  Winona,  Fayette  County,  W.  Ya.;  Jamestown  No.  10 
coal  came  from  the  Beckley  bed,  at  Stanaford,  Raleigh  County, 
W.  Va.,  and  Jamestown  No.  11  coal  came  from  the  Beckley  bed,  at 
West  Raleigh,  Raleigh  County,  W.  Va. 

Part  of  the  Jamestown  No.  6  coal  was  made  into  briquets,  6}  by  4J 
by  3  inches  in  size,  at  the  United  States  fuel-testing  plant  on  a  briquet- 
ting  press  built  in  England.  The  compression  on  these  large  briquets 
was  about  2,500  pounds  per  square  inch.  The  binder  used  was 
6  per  cent  of  water-gas  pitch. 

Portions  of  the  Jamestown  Nos.  9  and  11  coals  were  made  into 
briquets  cu'cular  in  horizontal  section,  3i  inches  in  diameter,  2}  inches 
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thick  in  the  center^  and  1}  inches  thick  at  the  circumference.  The 
compression  on  these  small  briquets  was  about  1,000  pounds  per 
square  inch.  In  both  coals  the  binder  used  was  6  per  cent  of  water- 
gas  pitch. 

The  torpedo  boat  Biddle  is  157  feet  in  length  on  load  water  line,  17 
feet  7^  inches  extreme  beam,  and  175  tons  displacement.  Its  equip- 
ment includes  two  triple-expansion  engines  and  two  water-tube 
boilers.  The  boilers  are  in  separate  boiler  rooms,  one  at  each  end  of 
the  engine  compartments,  the  fronts  of  the  boilers  facing  the  latter. 

The  two  boilers  are  exactly  alike  in  size,  construction,  and  setting 
(fig.  80).  Only  the  forward  boiler  was  used  for  tests.  It  is  of  the 
curved  water-tube  type  known  as  the  Normand  boiler. 

The  furnace  is  placed  under  the  steam  drum  between  the  two  nests 
of  water  tubes  and  the  mud  drums.  It  is  equipped  with  a  plain  grate 
for  hand  firing.  In  the  front  portion  of  the  boiler  on  both  sides,  the 
first  and  second  rows  of  tubes  next  the  furnace  are  so  curved  and 
placed  with  respect  to  each  other  that  they  form  a  nearly  gas-tight 
baffle.  On  the  outside  of  each  nest  of  tubes  the  last  two  rows  are 
similarly  placed  along  the  full  length  of  the  boiler. 

The  products  of  combustion  flow  to  the  rear  of  the  furnace,  where 
they  enter  the  tube  nests  through  the  spaces  between  the  tubes, 
which  are  left  open  for  the  purpose.  Through  the  nests  of  tubes 
the  gases  flow  to  the  front  of  the  boiler  and  there  turn  up  into  the  hood 
and  out  through  the  stack. 

The  principal  dimensions  of  the  boiler  and  furnace  are  shown  in 
Table  15. 

Table  15. — Dtmenaums  of  Normand  water-tube  hoiUr  and  pkdn-grate  furnace. 

Diametsr  of  steam  drum inches . .  35. 43 

Length  of  steam  drum do 150.00 

Diameter  of  mud  drums.  ^ do. ...  10. 76 

Length  of  mud  drums do 141.76 

Diaxneter  of  downoomers. do 10. 76 

Number  of  tubes 1,652 

Ontside  diameter  of  tubes inches..  1^ 

Approximate  length  of  tubes do 76.6 

Total  heating  surfaoe square  feet  ..2, 776. 10 

Length  of  furnace feet..  9.16 

width  of  furnace do 6.40 

Height  of  furnace  from  grate  to  steam  drum do 4. 66 

Height  of  furnace  from  grate  to  bend  of  tubes do 3. 76 

Approximate  combustion  space  above  grate cubic  feet. .  136 

IMstanoe  from  front  of  furnace  to  opening  among  tubes fleet . .  5. 6 

Length  of  bars inches..  37.6 

Average  width  of  grate  bars  on  top do 376 

Average  width  of  air  spaces do .66 

Air  spaces  in  grate  (approximate) per  cent. .  .  55 

Area  of  grate square  feet..  58.6 

Ratio  of  grate  area  to  combustion  space 2. 33 

Inner  dimensions  of  stack inches..  36x40 

Heiffbt  of  stack  above  grate feet . .  15  • 

Figure  81  shows  four  spark  catchers  in  position  as  used  during 
the  tests.  The  shape  of  the  end  inside  the  stack  is  nearly  a  sector 
of  a  circle  covering  an  angular  area  of  9^,  so  that  the  total  area  covered 
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by  the  four  spark  catchers  is  0.1  of  the  total  cross-sectional  area  of 
the  stack. 

In  starting  and  closing  the  tests  a  modification  of  the  '' alternate 
method"  was  used.  The  boiler  was  kept  under  steam  pressure  all 
night  with  a  low  fire  covering  the  front  third  of  the  grate.  About  one 
hour  before  starting  a  test  the  fire  was  spread  over  the  whole  grate 
and  gradually  built  up  to  3  or  4  inches  in  height.  During  this  build- 
ing of  the  fire  about  500  pounds  of  coal  were  put  into  the  furnace. 
The  tests  were  brought  to  a  close  as  nearly  as  possible  under  the  same 
conditions  as  they  were  started. 

After  closing  a  test  the  free  ash  was  removed  from  the  ash  pan, 
weighed,  and  the  weight  charged  to  the  test.  The  fire  was  then 
burned  down  entirely;  the  clinkers  were  pulled  out  through  the  fire 
doors,  weighed,  and  also  charged  to  the  test.  It  was  impracticable 
to  clean  the  fire  before  the  close  of  the  test  on  account  of  the  lower 
edge  of  the  fire  door  being  14  inches  above  the  grate. 

In  all,  21  tests  were  made;  10  witli  run-of-mine  coal,  3  with  large 
briquets,  and  8  with  small  briquets.  The  averages  of  the  data  taken 
during  the  test  and  the  calculated  results  are  given  in  Table  16. 

Table  16. — Summary  of  observed  data  ojid  calculated  itemi  of  tl  teats  made  with  the 
forward  boiler,  U.  S.  8,  "Bidtffc/'  Dec.  6, 1907,  to  Jan,  f7,  1908  a 
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''Draff'b  (inches  of 
water). 
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Mo. 
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Form  of  fuel. 
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(inches  of 
mer- 
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above 
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(pounds 
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square 
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At  base 

of 
stack. 

Over 

fuel 

bed. 
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1 

2 

t 

4(1) 

.5(2) 

6(3) 

1  (11.1) 

8  (12) 

9(13) 

10  (14) 

1907. 

1 

Dec.    6 

5.25 

30 

204.5 

-0.11 

+0.39 

+1.23 

2 

rRunofmine... 

Dee.    7 

3.33 

30 

204.0 

-  .44 

+  .98 

+2.48 

3 
4 

Jamestown  0. . 

Dec.  10 
Dec.  12 

7.15 
6.23 

30 
30 

199.0 
206.0 

-  .10 

-  .13 

-1-  .24 
+  .23 

+  .57 
+  .54 

5 

Large  briquets 

Dec.  13 

5.10 

30 

199.0 

-  .16 

-1-  .39 

+  .83 

6 

Dec.  16 

4.03 

30 

200.3 

-  .21 

+  .83 

+2.37 

7 

Dee.  18 

4.70 

30 

203.1 

-  .23 

+  .47 

+1.13 

8 

Hun  of  mine... 

Dec.  19 

5.98 

30 

202.3 

-  .19 

+  .34 

+  .65 

9 

1 

Jamestown  11.. 

[Dec.  20 
1008. 

4.05 

30 

202.8 

-  .61 

+1.30 

4  2.35 

10 

fJan.     3 

3.97 

30 

202.0 

-  .29 

+  .48 

+  .97 

11 

Jan.     6 

4.08 

80 

202.0 

-  .50 

+1.45 

+2.55 

12 

Small  briquets 

Jan.     8 

6.08 

80 

207.0 

-  .17 

+  .27 

+  .84 

IS 

Jan.   10 

2.37 

30 

203.0 

-  .68 

+2.22 

+3.39 

14 

(Jan.   13 

6.78 

30 

204.1 

-  .14 

+  .36 

+  .79 

15 

ptunofmine... 

Jan.  14 

4.62 

30 

203.0 

-  .33 

+  .57 

+  1.33 

16 

Jamestown  9... 

Jan.  17 

4.30 

30 

202.8 

-  .74 

+1.50 

+3.95 

17 

Jan.  20 

5.30 

30 

203.9 

-  .11 

+  .27 

+  .88 

18 

Small  briquets 

Jan.  21 

4.20 

30 

205.0 

-  .29 

+  .88 

+1.76 

19 

Jan.  23 

8.85 

30 

200.0 

-  .55 

+1.97 

+3.73 

20 

Jamestown  11.. 

do 

Jan.   25 

1.58 

30 

201.0 

-  .60 

+2.32 

+4.92 

21 

Jamestown  10.. 

Run  of  mine.. 

Jan.  27 

4.10 

30 

204.0 

-  .16 

+  .77 

+1.67 

a  Code  numbers  (in  pairentheses  at  the  top  of  certain  columns)  refer  to  corresponding  items  described  in 
Bulletin  U.~   -----  - 

»Theword     _     .  

giMes  or  to  the  pnaaore  dulerenoe  which  causes  them  to  move. 

•  Taksn  asooDstant. 


S.  Geological  Survey  No.  826,  pp.  151-153. 

rd  "draft''  is  placed  in  quotation  marks  because  It  is  misused  when  applied  to  the  moving  of 
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*v/rc  screen 


fieccptacie 
for  sparks 


Stack 


SECTION  THROUGH  STACK  ON   A-Q-B 
FiouBB  81  .—spark  catchers  for  Nonnand  boiler  and  tbeir  attachment  to  stack. 
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Table  16. — Summary  qf  obterved  data  and  calculated  items  of  tl  tests  made  with  the 
forward  bailer,  XJ.  S.  S,  *'Biddle,''  Dee.  6,  2907,  to  Jan.  «7, 1908— Continued. 


Bevolu- 
tlonsper 

AverasB  temperatoies  (*F.)  of— 

Moisture 
In  fuel 

Fuel  (total  weight  in 
pounds). 

ainkerin 

ash  and 

refuse 

(per 

cent). 

TB8t 

No. 

minute  of 
fiEm. 

At- 
mos- 
phere. 

Steam. 

Feed 
water 

In 
tank. 

Oases 

leaving 
boiler 
tubes. 

Fur- 
nace. 

(per 
cent). 

As 

fired. 

Dry. 

Ash 

and 

refuse. 

1 

11  (14.5) 

18(15) 

Ita7) 

14(18) 

1«(21) 

16(22.1) 

11(26) 

18(26) 

19(27) 

«0(28) 

M(29) 

1 

64 
53 
66 

380 

380 

50 
50 
61 

739 
739 
646 

2,673 
2,615 
2,367 

1.64 
1.50 
1.64 

9,171 
8,076 
8,283 

9,021 
7,955 
8,147 

1,423 
642 
739 

16.65 

2 

41.90 

8 

312 

24.90 

4 

276 

44 

381 

51 

681 

2,460 

1.76 

7,771 

7,634 

707 

32.11 

5 

347 

40 

378 

50 

803 

«•••••••• 

1.48 

8,678 

8,550 

519 

32.18 

6 

544 

67 

379 

51 

919 

2,686 

1.78 

10,778 

10,586 

615 

30.51 

7 

426 

60 

380 

50 

655 

2,273 

1.92 

8,368 

8,207 

666 

21.02 

8 

324 

45 

379 

50 

597 

2,347 

2.91 

7,249 

7,038 

828 

26.40 

9 

635 

49 

380 

50 

728 

2,624 

2.50 

10,941 

10,667 

605 

35.70 

10 

389 

45 

379 

50 

096 

2,662 

1.26 

7,390 

7,297 

487 

34.70 

11 

626 

43 

379 

49 

797 

2,921 

1.87 

10,912 

10,708 

643 

23.48 

12 

320 

49 

380 

49 

583 

2,633 

1.57 

7,313 

7,198 

617 

28.04 

13 

744 

40 

379 

49 

807 

3,007 

1.79 

9,074 

8,912 

351 

15.10 

14 

857 

47 

49 

583 

2,502 

2.55 

8,530 

8,312 

597 

28.81 

15 

436 

42 

383 

49 

668 

2,881 

2.29 

8,224 

8,036 

481 

36.69 

16 

701 

42 

383 

49 

716 

2.81 

13,375 

12,999 

839 

38.74 

17 

309 

55 

383 

48 

637 

2,442 

1.39 

7,464 

7,360 

485 

30.93 

18 

375 

60 

384 

48 

709 

2,765 

1.71 

9,239 

9,061 

423 

45.16 

19 

382 

50 

382 

50 

762 

2,950 

2.36 

11,836 

11,557 

447 

32.89 

20 

760-800 

31 

380 

45 

817 

3,070 

1.79      6,670 

6.551 

343 

44.02 

21 

44 

383 

47 

601 

2,408 

2.61       7.008 

6,913 

432 

09.44 

1      ' 

"Combus- 
tible"* « 
consumed 
(pounds). 

■ 

.  Ash  and 
reftiseln 
dry  fuel 

(per  cent). 

Proximate  analysis  (per  cent). 

Sulphur  (sep- 
arately de- 
termined). 

Test 
No 

Fixed  carbon. 

Volatile  matter. 

Moisture. 

Ash. 

Moist 
basis. 

In 
moist 
coal. 

In 
"com- 
busti- 
ble." 

In 
moist 
coal. 

In 
"com- 
busti- 
ble." 

In 
fuel  as 
fired. 

Accom- 
panying 
100  per 
cent  "com- 
bustible." 

b^ 

1 

M(30) 

«(31) 

M(32) 

tt 

••(33) 

27 

28(34) 

29 

•0(35) 

81(36) 

82(41) 

1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

10 

17 

18 

10 

20 

21 

7,738 
7,167 
7,427 
6u907 
7^804 
9,804 
7,364 
6,243 
9,694 
6,684 
9,740 
6,529 
8,196 
7,422 
7^291 

12,106 
6,843 
8,474 

10,739 
6,054 
6,114 

15.77 
8.07 
9.07 
9.26 
6w07 
5.81 
8.12 

11.76 
5.67 
6.67 
6.00 
8.57 
3.94 
7.18 
5.99 
6.45 
6.59 
4.66 
3.87 
5.24 
6.25 

74.29 
73.57 
74.57 
70.75 
70.54 
72.34 
77.54 
74.60 
74.32 
75.71 
74.21 
75.11 
74.48 
67.46 
68.96 
69.24 
69.74 
69.37 
69.44 
69.75 
72.62 

79.97 
79.97 
79.20 
75.74 
75.32 
77.66 
83.96 
81.98 
81.89 
81.48 
80.52 
81.16 
80.64 
74.08 
75.81 
74.76 
74. 6:^ 
74.62 
75.06 
74.98 
82.53 

18.61 
18.43 
19.58 
22.66 
23.11 
20.03 
14.81 
16.42 
16.44 
17.21 
17.95 
17.43 
17.88 
22.51 
22.01 
23.38 
23.71 
23.60 
23.07 
23.28 
15.37 

20.03 
20.03 
20.80 
24.26 
24.68 
22.44 
16.04 
18.02 
18.11 
18.52 
19.48 
18.84 
19.36 
25.02 
24.19 
25.24 
25.37 
25.38 
24.94 
25.02 
17.47 

1.64 
1.50 
1.64 
1.76 
1.48 
1.78 
1.92 
2.91 
2.50 
1.26 
1.87 
1.57 
1.79 
2.55 
2.29 
2.81 
1.39 
1.71 
2.36 
1.79 
2.61 

1.77 
1.68 
1.74 
1.88 
1.58 
1.91 
2.08 
3.19 
2.75 
1.36 
2.08 
1.70 
1.94 
2.83 
2.52 
3.03 
1.49 
1.84 
2.55 
1.92 
2.97 

5.46 
6.50 
4.21 
4.83 
4.87 
4.95 
5.73 
5.98 
6.74 
5.82 
5.97 
5.89 
5.85 
7.48 
6.72 
4.57 
5.16 
5.32 
5.13 
5.18 
9.40 

0.76 
.71 
.65 
.90 
.89 
.86 
.70 
.97 
.73 
.78 
.80 
.77 
.86 
.61 

1.01 
.42 
.65 
.67 
.66 
.68 
.79 

0.77 
.72 
.66 
.92 
.90 
.88 
.71 

1.00 
.75 
.79 
.82 
.78 
.88 
.63 

1.03 
.43 
.66 
.68 
.68 
.60 
.81 

a  The  "combustible"  CsMitor  in  all  columns  of  this  table  marked  thus  (*)  is  obtahied  by  subtracting  from 
the  total  weight  of  dry  fuel  fired  the  weight  of  ash  therein  as  figured  from  the  chemical  analysis  and  also 
subtracting  the  weight  of  the  combustible  in  the  refuse,  the  latter  combustible  being  calculated  from  the 
total  weight  of  refuse  and  its  analysis;  the  composition  of  the  reftise  oombustible  is  loosely  considered 
to  be  the  nme  as  that  of  the  "combustible"  of  the  dry  ftieL 
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Table  16. — Summary  of  observed  data  and  ccdcuJated  items  of  £1  tests  made  with  the 
forward  boiler,  U.  S.  S.  ''BiddUy''  Dec.  6,  1907,  to  Jan.  27,  190^— Continued. 


Ultimate  analysis,  dry  basis  (per 

Fired  i>er  hour 

Heat  value  per 

i 

oent). 

EarfliT 
matter  in 

(pounds) 

• 

pound  (B.t.u.>. 

Carbon 

T^-i-. 

^..1 

Test 

in^e^ 

reftise.  in- 

Dry  luei. 

No 

Car- 
bon. 

Hy- 
dro- 
gen. 

Oxy- 
gen. 

Ni- 
tro- 
gen. 

Ash. 

use  (per 
cent). 

clading 

moisture 

(per  cent). 

"Com- 
busti- 
ble" 
(•). 

Dry 
AieL 

For 

Per 

square 

"Com- 

bustS- 

kle." 

grate. 

foot  of 

grate. 

1 

88(37) 

84(38) 

• 

86(39) 

t«(40) 

87(42) 

88(44) 

»(«) 

40(46) 

41(48) 

4«  (47) 

4S(60) 

44(51) 

1 

82.68 

4.56 

5.10 

1.45 

5.55 

54.95 

45.05 

1,718 

29.62 

1,474 

14.845 

15,715 

2 

83.39 

4.49 

3.42 

1.38 

6.60 

40.99 

69.01 

2,389 

41.20 

2,132 

14.591 

15,623 

3 

84.39 

4.65 

4.63 

1.39 

4.28 

6a  22 

49.78 

1,139 

19.64 

1.039 

15,098 

15.773 

4 

84.98 

4.57 

3.11 

1.50 

4.92 

41.29 

68.71 

1,225 

21.12 

1,118 

14.927 

15.699 

6 

84.23 

4.61 

3.93 

1.39 

4.94 

50.73 

49.27 

1,676 

28.90 

1.542 

14.879 

15,653 

6 

82.64 

4.39 

6.87 

1.18 

6.04 

40.44 

59.66 

2,627 

46.29 

2,433 

14,933 

16,726 

7 

84.38 

4.44 

3.19 

1.44 

6.84 

54.63 

46.37 

1,746 

3a  10 

1,667 

14.769 

16.685 

8 

83.61 

4.29 

3.55 

1.39 

6.16 

43.70 

56.30 

1,177 

2a  29 

1,044 

14,720 

15,686 

9 

83.77 

4.23 

2.86 

1.48 

6.91 

39.00 

61.00 

2,634 

46.41 

2,394 

14,702 

16.793 

10 

83.21 

4.64 

4.16 

1.41 

6.89 

37.66 

62.44 

1,838 

31.68 

1,684 

14,980 

16,918 

11 

84.53 

4.37 

2.80 

1.40 

6.08 

49.14 

5a  86 

2,625 

46.26 

2,3S8 

14,816 

15,775 

12 

83.06 

4.49 

4.32 

1.37 

6.98 

3&61 

61.39 

1,184 

2a  41 

1,074 

14.794 

16,735 

13 

83.69 

4.42 

3.60 

1.45 

6.96 

63.02 

46^98 

3,760 

64.83 

3,468 

14,805 

16,743 

14 

80.95 

4.73 

4.52 

1.49 

7.68 

42.16 

67.84 

1,220 

21.14 

1,095 

14.368 

16,563 

16 

82.00 

4.73 

3.86 

1.50 

6.88 

39.88 

6a  12 

1,739 

28.98 

1,578 

14,564 

16,610 

16 

83.96 

4.82 

4.57 

1.53 

4.70 

33.40 

66.60 

3,023 

52.12 

2.816 

14,884 

15,618 

17 

84.12 

4.72 

3.85 

1.42 

6.23 

27.26 

72.74 

1,389 

23.95 

1,291 

14,949 

16,774 

18 

83.75 

4.76 

4.03 

1.37 

6.41 

27.26 

72.74 

2,162 

37.28 

2,018 

14,803 

16,660 

19 

84.05 

4.72 

3.92 

1.38 

5.25 

47.03 

.       62.97 

3,002 

61.76 

2,789 

14,906 

15,732 

20 

84.13 

4.65 

3.77 

1.49 

5.27 

44.12 

65.88 

4.146 

71.48 

3,832 

14,796 

15.619 

21 

79.18 

4.36 

4.69 

1.31 

9.65 

3a  43 

09.67 

1,686 

29.07 

1,491 

14,180 

16,695 

Steam. 

Water  fed  to  boiler  (pounds). 

Evaporation. 

Test 
No. 

Hols- 

Equivalent  evaporated 
from  and  at  2L2*. 

Actually  ev(q>o- 
rated.a 

turein 

(per 

cent). 

Quality 
of. 

Total. 

Apparent  per 

pound  of  coal 

as  fired. 

Factor 

Total. 

Per 
hour. 

Into  dry 
steam. 

Total. 

Per 
hour. 

of. 

1 

46(64) 

46(56) 

47  (57) 

48(68) 

49(63) 

60(61) 

61(69) 

62  (62) 

6«(68) 

«(«0) 

1 

.    1.10 

99.22 

68,679 

83^899 

16,873 

83,333 

68,044 

12,961 

7.48 

1.2247 

2 

1.13 

99.20 

68,940 

72,184 

21.603 

71,606 

68,468 

17,558 

7.30 

1.2247 

3 

1.67 

98.81 

64.985 

79,470 

10,983 

78,625 

64,212 

8,981 

7.85 

1.2229 

4 

1.73 

98.77 

69,102 

72,336 

11,468 

71,446 

68,376 

9,370 

7.61 

1.2239 

6 

1.65 

98.90 

67,483 

70,359 

13,644 

09,686 

66,851 

11,147 

6.63 

1.2210 

6 

1.61 

98.86 

68,569 

83,874 

20.576 

82,917 

67,787 

16,821 

6.36 

1.2232 

7 

1.67 

98.89 

69,121 

72,400 

15,233 

71,506 

68,466 

12,439 

7.06 

1.2346 

8 

1.61 

98.86 

67,811 

70,784 

11,702 

69,977 

57,162 

9,657 

7.98 

1.2244 

9 

1.73 

98.77 

75.856 

92,884 

22,652 

91,742 

74,922 

18,499 

6.93 

1.2246 

10 

1.90 

98.66 

65.607 

68.085 

16,918 

67,166 

64,856 

13,818 

7.52 

1.2244 

11 

2.36 

98.33 

78,415 

96,090 

23,158 

94,484 

77,105 

18,898 

7.19 

1.2254 

12 

1.85 

98.69 

60,066 

73,646 

11,964 

72,681 

69.278 

9,760 

8.21 

1.2261 

13 

2.42 

98.29 

67,697 

70,708 

29.324 

69,498 

56,710 

23,928 

6.36 

1.2266 

14 

2.16 

98.47 

64,976 

79,640 

11,567 

78.422 

63,981 

9,437 

7.62 

1.2287 

16 

1.98 

98.60 

68,624 

71,850 

15,334 

70,843 

67,803 

12,511 

7.13 

1.2256 

16 

2.25 

98.41 

88,247 

108,147 

24,750 

106,427 

86,844 

20,196 

6.00 

1.2255 

17 

1.68 

98.81 

64,876 

67,315 

12.650 

66.614 

64,222 

10,231 

7.36 

1.2267 

18 

1.71 

98.83 

65.493 

80,347 

18,906 

79,407 

64,727 

16,411 

7.09 

1.2268 

19 

2.32 

98.40 

82,503 

100,992 

25,812 

99,376 

81,183 

21.066 

6.97 

1.2241 

20 

2.61 

98.23 

41,270 

50.741 

31,547 

49.844 

40,540 

26,658 

6.19 

1.2295 

21 

2.56 

98.19 

51,075 

62,710 

15,018 

61,675 

50.151 

12.232 

7.20 

1.2278 

o  Corrected  for  quality  of  steam. 
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Tablb  16. — Summary  of  oh^erved  data  and  calculated  items  of  tl  tests  made  with  the 
forward  boiUr,  U,  S.  S.  **Biddle,*'  Dec.  6, 1907^  to  Jan.  t7,  /PO^—Oontinued. 


Equivalent  evaporation  per 

Horsepower  devel- 

Eflldencyofthe 

Tfst 

pound  ot- 

oped. 

boQer,  etc. 

Percent 

Average 
thickness  of 

No. 

Fuel  as 
fired. 

Dryfuel 
fired. 

"Com- 
bustible" 
(♦). 

InboUer. 

Percent 

of  builders' 

rated.a 

(•) 

Including 
grate. 

smoke. 

fuel  bed 
(lnchm).» 

1 

66(09) 

66(70) 

67(71) 

68(65) 

6»(67) 

60(72) 

61(73) 

62(77) 

66(81) 

1 

9.09 

9.24 

10.77 

460.1 

166 

66.17 

60.11 

64.50 

12 

2 

8.87 

9.00 

9.99 

623.3 

225 

61.76 

59.57 

60.89 

14 

8 

9.48 

9.64 

10.57 

318.3 

115 

64.71 

61.66 

68.76 

8 

4 

9.19 

9.36 

ia25 

832.4 

120 

63.05 

60.55 

60.54 

16 

6 

8.02 

8.14 

8.85 

395.5 

143 

54.60 

52.83 

70.54 

16 

6 

7.69 

7.83 

8.46 

506.4 

215 

51.95 

60.64 

67.20 

6 

7 

8.56 

8.72 

9.72 

441.5 

159 

59.84 

57.02 

29.88 

10 

8 

9.65 

9.94 

11.21 

339.2 

122 

69.01 

65.21 

35.87 

8 

9 

8.39 

8.61 

9.46 

656.6 

236 

57.85 

66.56 

30.57 

16 

10 

9.09 

9.20 

10.05 

490.4 

177 

60.97 

59.31 

48.75 

8 

11 

8.66 

8.82 

9.70 

671.8 

242 

59.38 

57.49 

37.86 

10 

12 

9.94 

10.10 

11.13 

346.5 

125 

68.31 

65.03 

31.02 

8 

18 

7.66 

7.80 

8.48 

850.0 

806 

52.02 

50.88 

37.81 

10-12 

14 

9.19 

9.43 

10.57 

335.3 

121 

65.58 

63.38 

47.41 

8 

15 

8.61 

8.82 

9.72 

444.5 

160 

60.02 

68.48 

48.84 

10 

16 

7.96 

8.19 

8.79 

717.4 

254 

54.35 

63.14 

43.03 

12 

17 

8.91 

9.04 

9.72 

363.8 

131 

59.51 

68.39 

46.14 

8-9 

18 

8.59 

8.74 

9.37 

548.1 

197 

57.82 

67.02 

49.28 

8-9 

19 

8.40 

8.60 

9.25 

748.2 

270 

56.78 

65.72 

21.71 

10-12 

20 

7.47 

7.61 

8.23 

914.4 

330 

60.89 

49.67 

51.33 

12 

21 

8.67 

8.91 

10.07 

435.3 

157 

61.96 

60.68 

31.86 

10 

Analysis  of  dry  flue  gases  (per 
cent). 

Pounds  of 
dry  flue 
gases  per 
pound  of 
"combus- 
tible." 

Sparks  ejected 
(pounds). 

Heat 
value  of 
1  pound 
of  "com- 
bustible" 
(B.t.u.). 

Heat  balance.e 

Test 
No. 

COs. 

1 

CO. 

N,. 

Dur- 
tesi 

Per 
hour. 

Heat  absorbed 
by  boUer  (1). 

Heat  lost  in 

dry  flue 

gases  (4). 

B.  I.  u. 

Pr.ct. 

B.  t.  u. 

Pr.ct 

1 

64(84) 

66(85) 

66(86) 

67(88) 

68 

69 

70 

71 

72 

78 

74 

76 

1 
2 
3 

4 
5 
6 

7 

7.90 

9.06 

9.27 

10.52 

11.70 

12.41 

9.86 

9.16 

10.27 

10.37 

ia40 

9.50 

11.86 

10.00 

10.97 

9.86 

9.68 

9.00 

9.36 

10.30 

10.40 

10.63 
9.60 
9.44 
7.30 
5.03 
4.64 
8.22 
9.30 
7.95 
7.65 
7.40 
9.13 
6.63 
8.40 
7.00 
&07 
&20 
8.10 
&12 
6.86 
7.47 

0.12 
.08 
.03 
.14 
.00 
.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

81.45 
81.26 
81.26 
82.04 
83.27 
82.95 
81.92 
81.54 
81.78 
81.96 
82.20 
81.37 
82.61 
81.60 
82.03 
82.08 
82.22 
82.30 
82.52 
82.85 
82.13 

26.97 
24.28 
23.59 
20.94 
18.98 
17.63 
22.65 
24.18 
21.88 
21.25 
21.60 
23.15 
18.83 
21.87 
20.09 
22.28 
23.06 
22.96 

200 
412 
125 
35 
265 
230 

38.2 
123.7 
17.0 
5.6 
52.0 
57.0 

15,717 
15,622 
15,773 
15,699 
15,662 
15,726 
15,685 
15,686 
15,793 
15,918 
15,775 
15,735 
15,743 
15,563 
15.640 
16,618 
15,  n4 
15,650 
15.732 
15,619 
16,605 

10,401 
0,647 

10,207 
9,898 
8,546 
8,170 
9,387 

10,825 
9,136 
9,705 
9,367 

10,748 
8.189 

10.207 
9,387 
8,489 
9,387 
9,049 
8,933 
7,948 
9,725 

66.17 
61.76 
64.71 
63.06 
54.60 
51.95 
59.84 
69.01 
57.85 
60.97 
59.38 
68.31 
52.02 
65.58 
60.02 
54.35 
59.51 
57.82 
56.78 
50.89 
61.96 

4,342 
3,»S3 
3,199 
3,087 
3,371 
3,600 
3,289 
3,111 
3,497 
3,233 
3,841 
2,879 
3,426 
2,714 
2,951 
3,529 
3,121 
3,503 
3,906 
3,968 
2,767 

27.63 
25.18 
20.28 
19.66 
21.64 
22.80 
20.97 

8 

19.83 

9 

22.14 

10 

20.31 

11 
12 
13 
14 
15 
16 
17 
18 
19 

400 
80 
380 
180 
210 
410 
60 
240 
440 
380 
180 

97.0 

13.2 

160.0 

26.5 

45.5 

95.0 

11.3 

57.0 

114.0 

240.0 

44.0 

24.36 
18.30 
21.76 
17.44 
18.87 
22.60 
19.79 
22.38 
24.83 

20 
21 

21.60 
21.04 

25.53 
17.62 

a  ArbftTarllv  rated,  counting  10  square  feet  of  heating  surface  to  a  boiler  horsepower. 
h  Metliod  of  firing,  side  alternate. 

c  Heat  balanoe  items  (designated  by  numbers  in  parentheses  under  this  beading)  are  explained  in 
U.  8.  OeoIogioQl  Survey  Bulletin  No.  326,  p.  163. 
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Table  16. — Summary  of  observed  data  and  calculated  items  of  tl  tests  made  with  the 
forward  boiler,  lf.S,S.  "Biddle,'' Dec.  6, 1907,  to  Jan.  57,  IPO^— Continued. 


Smolce  and  flame 

Heat  balanoe.a 

showing  abo7e 

Stack. 

Lo88  due  to  moSstiire — 

Test 

Loss  due  to  in- 
complete com> 
bustionofcar- 
boniaCO(5). 

Lobs  in  sparks. 

Loss  in  escaping 
hydrocarbons, 

unaccounted  fod 
(fl). 

F. 

8. 

No. 

Iiiftiel(2). 

Fonned  by 

burning 

hydiogen(3). 

Per 
oent» 

B.  t.  a. 

Pr.ct. 

B.tu. 

Pr.ct. 

B.tu. 

Pr.ct. 

B.tu. 

Pr.ct 

B.tu. 

Pr.ct 

1 

76 

77 

78 

79 

80 

81 

88 

88 

84 

86 

86 

87 

88 

1 

24 

0.15 

501 

3.76 

133 

0.85 

307 

1.96 

-81 

-0.52 

0 

608 

0.0 

2 

22 

.14 

502 

3.80 

79 

.50 

648 

4.15 

703 

4.50 

7 

300 

2.0 

3 

23 

.15 

571 

3.62 

29 

.18 

186 

1.18 

1,558 

9.88 

1 

720 

.1 

4 

25 

.16 

578 

3.68 

119 

.76 

51 

.32 

1,941 

12.37 

6 

000 

.9 

5 

22 

.14 

611 

3.90 

0 

348 

2.22 

2,751 

17.60 

65 

480 

13.5 

6 

28 

.18 

602 

3.83 

0 

248 

1.58 

8,078 

19.57 

214 

506 

42.8 

7 

28 
42 
37 
18 
28 

.18 
.27 
.23 
.11 
.18 

.     M8 
536 

557 

585 

587 

3.63 
3.42 
3.53 
3.68 
3.72 

0 
0 
0 
17 
0 

2,412 
1,172 
2,566 
2,360 
1,563 

15.38 

7.47 

16.25 

14.82 

9.91 

13 

0 

6 

19 

24 

480 
664 
452 
480 
420 

2.7 

8 

.0 

9 

i.a 

10 

.11 

4.0 

11 

380 

2.46 

5.7 

12 

22 

.14 

555 

3.52 

0 

113 

.72 

1,418 

9.01 

0 

088 

.0 

13 

27 

.17 

508 

3.80 

0 

470 

2.99 

3,033 

19.26 

50 

292 

20.2 

14 

37 

.24 

594 

3.82 

0 

266 

1.71 

1,745 

11.21 

1 

764 

.1 

15 

34 

.22 

613 

3.92 

0 

295 

1.89 

2,360 

15.08 

7 

500 

1.4 

16 

41 

.26 

621 

3.98 

0 

360 

2.36 

2,569 

16.45 

9 

456 

2.0 

17 

19 

.12 

587 

3.72 

0 

87 

.55 

2,573 

16.31 

16 

000 

2.7 

18 

25 

.16 

608 

3.89 

0 

314 

2.01 

2,151 

13.74 

8 

420 

1.0 

19 

35 

.22 

617 

3.92 

0 

443 

2.82 

1,798 

1L43 

13 

420 

3.1 

20 

27 

.17 

629 

4.03 

0 

744 

4.76 

2,283 

14.62 

14 

MO 

5.8 

21 

39 

.25 

569 

3.63 

0 

323 

2.06 

2,474 

14.48 

1 

420 

.2 

a  Heat  balance  items  (designated  by  numbers  in  parentheses  under  this  heading)  are  explained  in 

U.  S.  Geological  Survey  BuUetin  No.  325,  p.  153. 

.  _  . Flame  readings  -,,„« 

6Percent=g^^5^^^^^Xl00. 

The  following  conclusions  apply  only  to  the  tests  of  New  River 
run-of-mine  coals  when  burned  under  a  boiler  of  the  Normand  type 
and  on  vessels  of  the  torpedo-boat  class: 

There  is  little  or  no  gain  in  efficiency  in  burning  briquets  of  either 
size. 

Both  large  and  small  briquets  make  as  much  (or  more)  smoke  aa 
run-of-mine  coal. 

There  seems  to  be  more  flaming  in  the  stack  with  briquets  than 
with  run-of-mine  coal. 

About  the  same  amount  of  sparks  are  emitted  from  the  stack 
whether  briquetted  or  run-of-mine  coal  is  burned. 

When  burning  briquets  the  fire  does  not  need  to  be  disturbed;  with 
coal  the  fuel  bed  has  to  be  broken  up,  generally  after  each  firing. 

A  somewhat  higher  boiler  capacity  can  be  obtained  with  briquets 
than  with  run-of-mine  coal. 

Steam  can  be  raised  more  quickly  with  briquets  than  with  run-of- 
mine  coal. 
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Run-of-mine  coal  is  transferred  much  more  readily  than  briquets 
from  the  coal  bunker  to  the  fireroom. 

With  briquets  the  capacity  of  a  coal  bunker  is  reduced  by  23  to  27 
percent. 

TESTS  OF  BTTN-OF-MINE  AND  BBIQUETTED  COAL  IN  A  LOCOXO^ 

TIVE  BOHJBBB. 

In  connection  with  the  fuel-testing  work  at  Norfolk  comparative 
steaming  tests  were  made  on  a  locomotive  boiler  with  run-of-mine 
coal  and  the  same  coal  formed  into  briquets  of  two  sizes.  These  tests 
were  undertaken  to  add  cumulative  evidence  to  work  done  at  other 
places.  They  were  made  possible  through  the  courtesy  of  the  Sea- 
board Air  Line  Railway  Co.  in  supplying  both  the  locomotive  and  the 
coal  used.  During  the  trials  the  locomotive  stood  on  a  side  track  in 
the  shop  yards  of  the  railway  company  at  Portsmouth,  Va.  No  run- 
ning tests  were  made.  These  tests  were  published  in  United  States 
G^logical  Survey  Bulletin  No.  412,  and  reprinted  in  Bureau  of  Mines 
Bulletin  34. 

The  primary  object  of  the  tests  was  to  study  the  relative  perform- 
ance of  the  two  types  of  briquets  and  of  the  coal,  with  reference  to 
efficiency,  tendency  to  smoke,  and  the  ease  with  which  steam  could 
be  kept  up,  when  each  of  the  three  varieties  of  fuel  was  burned  at  sev- 
eral rates  of  combustion.  One  object  kept  especially  in  mind  was  the 
finding  of  ways  for  working  locomotive  boilers  harder. 

All  the  coal  was  run-of-mine  from  the  Turkey  Gap  mine,  working 
the  Pocohontas  No.  3  bed  at  Ennis,  McDowell  County,  W.  Va.  Part 
of  it  went  to  the  briquetting  section  of  the  fuel-testing  plant  at  Nor- 
folk, where  it  was  made  into  two  sizes  of  briquets. 

The  smaller  of  these  two  sizes  was  circular  in  horizontal  cross  sec- 
tion, 3i  inches  in  diameter.  Its  vertical  cross  section  was  nearly 
oval,  2f  inches  high  at  the  center  and  1  i  inches  near  the  circumference. 
The  larger  size  was  rectangular  in  either  cross  section,  its  dimensions 
being  3  by  4J  by  6}  inches.  The  small  briquets  were  compressed  at 
about  1,000  pounds  and  the  large  ones  at  about  2,500  pounds  per 
square  inch.  The  pitch  used  was  approximately  the  same  in  kind 
and  percentage." 

The  locomotive  used  in  these  tests  was  of  the  10-wheel,  freight 
type,  built  in  1906.  The  principal  dimensions  of  its  furnace  and 
boiler  are  given  in  Table  17. 

«  For  s  detailed  deacriptton  of  metliods  of  mannfaoture and  physical  teste  of  briquete  see  Briquetting  Teste 
at  Noriblk,  Va.,  Wri|^  C.  L.,  U.  S.  Qeological  Survey  BuUetin  No.  385, 1909.  Reprinted  as  Bureau  of 
liinee  Bulletin  3D. 
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Table  17. — Principal  divnennons  of  furnace  and  boiUr. 


Foniace: 

LflDgth. inches..      106 

Width  near  grate do 41 

Width  at  widest  place do....       65 

Height do....       55 

EoeUng,  finger-type  grate: 

Length do....      104 

Width do....       41 

Area square  feet..  20.66 

Batio  to  heating  surface lto87.2 

Approximate  air  space percent..       30 


Boiler: 

Diameter  of  shell indies..  6S.6 

Waist  diameter do 73 

Number  of  tubes 328 

Inside  diameter  of  tubes. inches..  2 

Lengthoftubes ieet..  14^ 

Heating  surface: 

Offlrebox squarefeet..  187.6 

Of  tubes do....  2,416. 5 

Total do....  2,584 

Approximate    mtnlmnin    cross  sectional 

area  of  gas  passage square  feet..  I 


The  furnace  was  equipped  with  a  fire-brick  arch  supported  by 
four  2^inch  water  tubes.  The  position  and  construction  of  the  arch 
are  shown  in  fiigure  82. 


rate  level 


B 

SBOnOMONO-D 


BBOnONONAiS 
FioVRE  82.— Andi  in  locomotive  furnace. 


Figure  83  shows  the  internal  arrangement  of  the  smoke  box.  The 
partition  CDE,  and  the  spark  screen  HJK,  separates  it  into  three 
chambers,  which  are  designated  a,  h,  and  c.  Chamber  a  receives  the 
gases  as  they  leave  the  boiler  tubes.  From  chamber  a  the  gases  flow 
through  the  contracted  passage  between  G  and  L  into  chamber  h. 
The  sparks  are  deflected  upward  from  their  straight  course  by  the 
plate  LM  and  thrown  against  the  screen  HJK;  they  are  partly 
broken  by  impact  against  the  deflecting  plate  and  the  screen,  and 
the  small  pieces  pass  through  the  latter  and  out  through  the  stack. 
Larger  pieces  are  deflected  back  and  fall  down  toward  the  apron, 
most  of  them  into  the  high-velocity  current  of  gas  which  again  hurls 
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them  against  the  deflecting  plate  and  the  screen;  eventually  prac- 
tically all  of  the  sparks  pass  through  the  stack.  The  purpose  of  all 
these  fittings  in  the  smoke  box  is  to  reduce  the  size  of  the  sparks 
before  ejectment  so  as  to  make  them  less  noticeable  and  less  dangerous 
to  fields,  buildings,  etc. 

Figure  83  shows  also  the  location  of  draft-gage  connections,  flue-gas 
sampler,  and  a  thermometer  for  making  approximate  measurements 
of  flue-gas  temperature.  The  flue-gas  sampler  was  made  of  }-inch 
pipe,  having  the  free  end  plugged  and  ^inch  holes  drilled  on  both 
sides  in  staggered  rows.    It  extended  nearly  across  the  smoke  box. 


SECTION  ON  A-B 


FRONT   View  or  9M0KC  BOK 


FioUBE  83.— LooomotlTe  smoke  box. 

The  draft  pipe  was  of  i-inch  pipe,  with  no  holes  in  the  sides,  and  had 
its  open  end  situated  at  the  center  of  the  smoke  box.  The  bulb  of 
the  thermometer  was  placed  close  to  the  end  of  this  pipe-. 

Figure  84  shows,  attached  to  the  stack,  the  spark  catcher  espe- 
ciaUy  designed  and  constructed  for  these  tests.  Its  object  was  to 
collect  the  sparks  from  a  sector  of  the  exit  end  of  the  stack,  the 
sector  constituting  one-tenth  of  the  total  exit  area  so  that  the  total 
weight  of  sparks  leaving  the  stack  was  approximately  ten  times  the 
weight  collected  in  the  receptacle. 

A  modification  of  the  ''alternate  method''  was  used  in  starting 
and  closing  tests.  Fire  was  kindled  with  wood  on  a  clean  grate  and 
built  up  rapidly  with  coal.    As  soon  as  the  steam  pressure  had 
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risen  to  200  pounds  the  fire  was  leveled  and  the  test  started.  This 
preparatory  firing  took  one  to  two  hours  and  required  the  burning  of 
300  to  500  pounds  of  coal.  Closing  conditions  of  the  test  were  made 
as  nearly  as  possible  the  same  as  those  of  starting. 

After  the  close  of  the  test  the  fire  was  burned  down  entirely^  the 
clinkers  pulled  out  of  the  fire  door,  weighed,  and  charged  to  the  test. 
It  was  impracticable  to  clean  the  fire  before  the  close  of  the  test, 
because  the  lower  edge  of  the  fire  door  was  14  inches  above  the  grate. 
Immediately  before  starting  each  test  the  ash  pan  was  cleaned.     After 


FlouKE  84.— Spark  catcher  for  locomotive  and  Its  attachment  to  stack. 

closing  and  removing  the  clinker  from  the  grate  all  the  ash  was  taken 
from  the  ash  pan,  weighed  and  charged  to  the  test. 

In  all,  14  tests  were  made;  6  on  run-of-mine  coal,  4  on  lai^ 
briquets,  and  4  on  small  briquets.  The  tests  were  made  at  various 
rates  of  combustion,  the  lowest  being  18  pounds  of  dry  fuel  per  hour 
per  square  foot  of  grate  surface  when  burning  run-of-mine  coal,  and 
the  highest  being  about  110  pounds  of  dry  fuel  when  burning  small 
briquets. 

The  recorded  observations  made  during  the  tests  and  the  results 
calculated  therefrom  are  given  in  Table  18. 


SPECIAL  OBSEBVATIONB  IN  CONNECTION  WITH  BTEAMINO  TESTS.    325 
Table  18.— Summary  of  obMnied  data  ontf  ealeulaUd  item*  of  14  tati  mak  with  a 
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Persq. 

11.  of 


a  Cod*  nnmbm  (in  pannUusa  st  the  lop  ot  certain  coliunosl 


.,  ..la  la  coiTespoadlDE  Items  dnodbed  Id 
Prolesslonal  Paper  U.  S.  Oeol,  Survey  No. 


D  applied  to  tbe  moving  of 


4S.pt.  1.    TbewareOifllt 
allbcbinkal  Engineen, 

*  The  word  "draft"  laitoced  la  quotation  macki  because  It  Is  misused 
(MM  V  to  tha  preamrt  dlOerence  w&ich  ctnaa  them  to  move. 

<  Above  atmosplieTe. 
d  Wet,  much  sbek. 

<  Wat,  moMlf  slack. 
/ 10  pcTCOitCnimbled. 
r  30  per  oaotenuiibled. 
k  Tlio  "oombuatlble"  bctor  in  all  oolomns  of  this  table  marked  thus  [*) 

tbe  total  wel^t  oldrv  tuel  Oivd  the  vslght  of  uh  therein,  as  figured  from  this  i:uifiuiinu  uusi/id,  uiu  lunuei 
mbtracUng  weight  ol  the  oombuitlble  in  the  refuse,  the  Utter  oombuatlble  being  calculated  from  tlie  total 
welxht  of  relaae  and  Its  analysis;  the  composition  of  tbe  retusa  combustible  Is  loosely  ooosidered  to  ba  the 
Mm*  aa  that  ol  the  "combustible"  at  the  dry  Inal. 
'  ps-aqoacelootal  water-beallngnuboe. 
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Table  18. — Summary  of  observed  data  and  calculated  items  of  14  teste  made  with  a  loco- 
motive boiler f  Feb.  7-f7,  190S — Continued. 


Ash 

and  ref- 
use In 
dry 
ftiel 
(per 
cent). 

Proximate  analysis  (per  cent). 

Fixed  carbon. 

VolatOe  matter. 

Moisture. 

Ash. 

8uli»hur.« 

Test  No. 

• 

In 
moist 
coal. 

In 
"com- 
busti- 
ble." 

In 
moist 
coaL 

In 
"com- 
busti- 
ble." 

In 
faelas 
fired. 

(fr) 

Mobt 
basis. 

Dry 
basb. 

Hoist 
basis. 

hZ. 

1 

24(31) 

26(32) 

26 

27(33) 

28 

2»(84) 

80 

SI 

82(42) 

n 

»4(41) 

1 

8.57 
7.82 

73.35 
73.67 
74.24 
73.25 
73.13 
73.12 
73.47 
72.12 
71.24 
74.41 
72.66 
73.82 
73.17 
60.04 

83.13 
83.49 
84.46 
84.48 
81.67 
82.35 
82.85 
81.04 
82.58 
81.07 
80.87 
80.43 
83.91 
80.30 

14.97 
14  66 
13.66 
13.46 
16.41 
16.67 
16w21 
16.86 
l&Ol 
17.37 
17.18 
17.96 
1403 
1&93 

1&87 
1&51 
1&64 
1&62 
1&33 
17.65 
17.16 
18.96 
17.42 
18.93 
19.13 
19.67 
16.09 
19.70 

3.66 
435 
476 
3.78 
8.43 
425 
463 
431 
6.64 
2.42 
3.01 
2.24 
6.18 
466 

413 
493 
5l42 
436 
3.83 
479 
6w22 
485 
7.70 
2.53 
3.45 
2.44 
7.09 
&31 

7.62 
7.42 
7.34 
9.61 
7.03 
6.96 
6.60 
6.71 
7.11 
6.80 
7.16 
6.98 
6.62 
9.47 

7.91 
7.76 
7.71 
9.88 
7.28 
7.27 
7.01 
7.01 
7.62 
6w94 
7.37 
6.12 
7.06 
9.92 

0.45 
.40 
.36 
.38 
.82 
.60 
.51 
.42 
.54 
.39 
.47 
.61 
.62 
.68 

a47 

2 

.61 

3 

.38 

4 

.39 

5 

.54 

6 

.50 

7 

5.62 
6.00 
6.08 
9.83 
6.14 

.53 

8 

.44 

9 

.58 

10 

.40 

11 

.48 

12 

.62 

13 

.56 

14 

6.32 

.<a 

Test  No. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Ultimate  analysis,  dry  basis  (per  cent). 


Car- 
bon. 


S6(37) 


83.15 
84.30 
82.73 
81.38 

83.66 
83.98 
84.19 
8412 
84.48 
83.19 
84.62 
84.73 
82.21 


Hydro- 
gen. 


S6(38) 


429 
423 
411 
413 
431 
416 
422 
418 
418 
406 
416 
442 
4  23 
425 


Oxy- 
gen. 


S7(39) 


3.14 
2.21 
402 
3.19 
2.05 
3.41 
3.32 
3.07 
2.64 
403 
8.99 
3.31 
2.46 
2.03 


Nitro- 
gen. 


88(40) 


1.04 

.  w 
1.05 
1.03 

.98 
1.00 

.94 
1.11 

.96 
1.10 

.81 
1.01 

.08 

.98 


Carbon 

in 
refuse. 


«»(44) 


46.28 
20.40 
26.14 
17.42 
22.31 
34.61 
27.68 
29.42 
26.91 
8469 
26.67 
26.08 
28.31 
3492 


Earthy 
matter 
in  ref- 
use, in- 
cluding 
mois- 
ture. 


40 


63.72 
79.60 
7486 
83.68 
77.69 
66. «) 
72.32 
70.68 
73.09 
66l31 
73.43 
73.92 
71.09 
66l06 


Heat  value  per 
pound  (B.  t.  u.), 


I>rT 
fuel. 


41(60) 


14,463 
14.494 
14553 
14,246 
14693 
14,780 
14702 
14,763 
14,608 
14,897 
14,742 
14,936 
14,671 
14,292 


"Com- 
busti- 
ble." 


41(51) 


8team(per 
cent). 


Mois- 
ture in. 


(Quality 
of. 


4S(64) 


15,705 
15,720 
16,782 
15,816 
15,844 
15,945 
15,816 
15,888 
15,688 
15,888 
15,743 
15,915 
15,680 
15,871 


a5 

.7 

.3 

.5 

1.4 

.9 

1.0 

1.0 

.8 

1.0 

1.0 

.7 

.9 

1.4 


44(66) 


a9B6 
.995 
.908 
•  w06 
.990 
.992 
.983 
.983 
.994 
.998 


.906 
.993 


a  Separately  determined. 


b  Accompanying  100  per  cent  of  "combustible. 


tr 


SPECIAL  OBSEBYATIONS  IN  CONNECTION  WITH  STEAMINQ  TESTS.    327 

Table  18. — Summary  of  ohierved  data  and  dreulated  items  of  14  tests  made  with  a  loco- 
motive boiler  J  Feb.  7-27, 1908 — Continued. 


Water  fed  to  boUer  (pounds). 


BvApotatkm. 


Equivalent  evapora- 
tion per  pound  of— 


Test 
No. 


Total. 


45(57) 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 


43,066 
50,064 
61,008 
36,333 
40,070 
52,713 
63,688 
72,568 
60,288 
43,306 
63,996 
53,966 
59,484 
47,730 


Equivalent  evaporated  from 
and  at  212*. 


TotaL 


46(58) 


53,998 
60,452 
74,332 
44,363 
48,885 
64,204 
77,800 
88,593 
73,704 
52,832 
77,109 
66,096 
72,689 
58,326 


Per 
hour. 


47(63) 


8,681 
11,840 
12,028 
6,312 
8,977 
14,158 
17,381 
23,151 
18,689 
12,888 
24,941 
18,898 
17,268 
28,528 


(6) 


48 


3.36 
4.56 
4.65 
2.442 
3.474 
&48 
6.726 
8.966 
7.233 
4.99 
9.64 
7.313 
&682 
11.040 


Into 

dry 

steam. 


49  (61) 


53,786 
60,125 
74,188 
44,186 
47,397 
63.690 
77,345 
87,978 
73,262 
52.462 
76,569 
65,766 
72,180 
67,627 


ActuaUv  evqx>- 
rated.a 


Total. 


50(59) 


43,480 
49,814 
60,906 
36,188 
89,669 
53,291 
63,242 
72,050 
59,921 
43,002 
62,557 
63,686 
59,068 
47,157 


(«) 


Per 
hour. 


61(63) 


68(68) 


7,151 

9,806 

9,871 

5,170 

7,613 

11,620 

14,211 

18,960 

16,285 

10,565 

20,377 

15,429 

14,131 

23,345 


9.49 
9.10 
8.48 
9.11 
9.18 
8.79 
&56 
&03 
&64 
9.03 
8.40 
8.56 
7.63 
7.02 


Ftetor 
of. 


Fuel  as 
fired. 


W(60) 


64(69) 


1.214 
1.207 
1.218 
1.221 
1.220 
1.218 
1.223 
1.221 
1.223 
1.221 
1.224 
1.226 
1.222 
1.222 


11.47 

ia94 

ia30 

11.08 

10.85 

ia62 

10.43 

9.74 

8.08 

10.93 

10.31 

10.44 

9.35 

8.48 


Dry 

fuel 


66(70) 


11.91 
11.43 
10.83 
11.53 
11.34 
11.08 
10.98 

iai8 

&66 

11.30 

ia62 

10.68 

9.86 

8.88 


"Com- 

busti- 

ble*."d 


66(71) 


13.34 
13.61 
11.96 
13.00 
13.31 
12.14 
11.99 
11.03 
9.53 
13.36 
11.57 
11.58 
10.91 
10.11 


Test 
No. 


1 
3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Horsepower 
developed. 


In 
boiler. 


67(65) 


251.7 

848.5 
183.0 
360.0 
410.3 
508.8 
671.0 
541.1 
878.6 
723.9 
547.7 
500.5 
827.0 


Per 
oentof 
rated.* 


58(67) 


Efficiency  of  the 
boiler,  eto. 


(•)/ 


07.4 
133.8 
134.4 

70.8 
100.6 
159.0 
195.0 
359.5 
209.3 
144.5 
379.7 
311.9 
193.7 

82ao 


56(72) 


81.44 
77.48 
78.14 
79.39 
75l0O 
78.50 
78.26 
67.16 
58.69 
75w39 
7a  99 
70.29 
67.21 
61.56 


Includ- 
ing 
orate. 


grai 


(73) 


79.48 
76.18 
71.79 
78.12 
73.90 
72.37 
71.81 
66.67 
67.61 
72.62 
68.94 
69.06 
65.36 
60.03 


Average 
thick- 
ness of 

fuel  bed 
(Inches).^ 


61  (81) 


8 

10^12 

12 

6 

14-16 

14-16 

18 

16 

16 

6-8 

12 

8 

14-16 

16-18 


Average  time 
intervals  (min- 
utes) between— 


Fir- 
ings. 


(82) 


8-4 
3 
3 

4-5 
3 
3 
3 
3 
3 


(0 


3 
3 
3 


Level- 
ing and 
break- 
ing up. 


(88) 


16 
10 
12 
40 
40 


(*) 


80 


(*) 


[h) 


20 


16 


(*) 


Analysis  of  dry  fiue  gases  (per 
cent). 


COj. 


64(84) 


11.45 
11.96 
11.46 
11.10 
11.96 
12.45 
11.60 
12.05 
10.16 
13.87 
13.57 
11.78 
12.20 
11.16 


Oi. 


65(86) 


6.92 
7.00 
7.49 
7.84 
7.07 
5w87 
7.08 
&93 
8.49 
4.75 
4.49 
&74 
6.94 
7.52 


CO. 


(86) 


0.23 
.10 
.23 
.14 
.22 
.17 
.15 
.18 
.25 
.03 
.30 
.05 
.20 


Nt. 


67(88) 


81.63 
80.81 
80.95 
80.83 
80.83 
81.46 
81.25 
80.87 
81.22 
81.13 
81.91 
81.18 
80.81 
81.13 


•  Corrected  for  quality  of  steam. 

»  Per  hour  per  square  foot  of  water-heating  surface. 

«  Apparent  per  pound  of  ooal  as  fired. 

d  Funired  from  chemical  analyses  of  ash  and  coal. 

«  Arottrerily  rated  by  authors,  counting  10  square  feet  of  heating  surface  to  a  boiler  horsepower 

/  Figured  from  chemical  analjm  of  ash  and  coal. 

9  Method  of  firing,  spreading. 

*  Fire  not  dIsturDea. 
<  Firing  continuous. 


99133^— BuU.  23—12- 


-22 
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Table  IS,— Summary  of  obterved  data  and  eakulaUd  iUm$  of  14  UtU  made  with  a  loco- 

maive  boUer,  Feb.  7-27,  2^09— Gontinoed. 


TMtNo. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 


Per 

cent 

smoke. 


(77) 


0 

16.4 
10.4 
24 
10 
10 
10 

8 

8 
12 

0 

0 

0 

0 


Sparks  (pounds). 


Total 
col- 
lected. 


1 

7 

21 


Ejected. 


During 
test. 


70 


10 

70 

210 


Per 
hour. 


71 


1.66 
13.77 
34 


No  sparks  collected. 
3.79 
20 
31.6 
81.6 

135 
12.3 

114 
63.2 
55 

185 


2 

90 

9 

00 

14 

140 

31 

310 

^27 

529 

5 

50 

35 

360 

22 

220 

23 

280 

37.5 

375 

Heat  balanoejB 


HeatTatoeofl 

pound  of  ''oom- 

bnstible.'' 


B.  t.  u. 


15,706 
15,720 
15,782 
15,818 
15,846 
15,966 
15,810 
15,866 
15,668 
15,838 
15,743 
15,916 
15,680 
15,866 


Percent. 


7S 


100 
100 
100 
HW 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


Heatabaorbed 
by  boiler  (1). 


B.t.11. 


74 


12, 7M 
12,181 
11,544 
12,668 
11,891 
11,727 
11,682 
10,655 

9,200 
11,940 
11.177 
11,186 
10,639 

9,766 


Pr.ct. 


76 


81.44 
77.48 
78.14 
79.89 
76.90 
73.50 
73.26 
47.16 
66.69 
75.39 
70.99 
70.29 
67.21 
61.66 


Loss  in  sparks. 


B.t.a. 


76 


137.1 
215 


41 
161 
216 
441 
861 
112 
603 
431 
361 


Pr.ct. 


77 


0.88 
1.36 


.26 
1.00 
1.36 
2.78 
6.49 

.71 

2.n 

2.30 
4.33 


Test  No. 


Heat  balanocA 


Loss  due  to  moistare~- 


Infuel(2). 


B.  t.  u. 


Pr.ct. 


Of  hydrogen  Gt). 


B.tn. 


Pr.ct. 


Heat  lost  in 
dry  flue 

gases  (4). 


B.t.a. 


Pr.ct. 


Loss  due  to  in* 

complete  com- 
bustion of  cat^ 
bon  in  CO  (5). 


B.tu. 


Pr.ct 


Loss  in  escaping 

hydrocarbons, 

radiation,  and 

unaccounted 

for  (6). 


B.tu. 


Pr.ct. 


78 


99 


81 


87 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


63.1 
64.8 
71.7 
55.6 
60 
63 
73 
71 
111 
34 
49 
83 
96 
78 


0.84 
.41 
.45 
.35 
.82 
.39 
.46 
.45 
.71 
.21 
.31 
.21 
.61 
.60 


642.7 

629.9 

526 

642 

530 

573 

591 

588 

606 

574 

577 

553 

768 


8.43 
8.46 
3.36 
3.82 
3.42 
3.81 
3.63 
3.73 
3.76 
3.19 
3.66 
3.62 
3.63 
4.76 


2,302 
2,451 
2,603 
2,168 
2.307 
2,984 
2,7B5 
2,961 
3,340 
2,069 
8,068 
2,894 
2,821 
4,214 


14.66 
15.60 
16.60 
13.64 
14.56 
14.91 
17  68 
18.61 
21.28 
13.18 
19.43 
18.18 
17.99 
26.66 


178.6 

79 
186 
107 
176 
189 
113 
117 
162 

90 
227 

38 
168 


LIO 
.50 

L18 
.60 

1.17 
.88 
.78 
.74 

1.02 
.13 

L43 
.24 

LOS 


21 

170 

741 

335.6 

906 

914 

432 
1.043 
1,466 

995 

262 

667 
1,272 

203 


0.14 
1.08 
4.69 
2.12 
6.74 
5.73 
2.73 
6.56 
9.34 
6.38 
1.66 
3.56 
8.12 
1.28 


a  Heat*balanoe  items  (designated  by  numbers  in  parentheses  under  thlBbeading)arBezplained  in  Bulletin 
U.  8.  Geological  Survey  No.  325,  p.  163. 
^  Sparks  collected  for  two  hours  oDly. 

CONCLUSIONS. 


At  low  rates  of  working,  run-of-mine  coal  gives  a  higher  equivalent 
evaporation  than  briquets;  at  medium  rates  there  is  little  difference; 
at  high  rates  briquets  do  considerably  better. 

So  far  as  blackness  of  smoke  is  concerned  there  seems  to  be  little 
advantage  in  briquets  over  run-of-mine  coal.  However,  the  loss  in 
sparks  is  less,  and  especially  with  the  larger  size  of  briquets. 
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It  is  a  great  deal  easier  to  raise  and  keep  up  steam  with  briquets 
than  with  run-of-mine  coal.  Higher  rates  of  combustion  are  feasible, 
and  consequently  higher  power,  which  is  of  especially  great  advan- 
tage on  long  grades. 

STEAMINO  TESTS  MADE   WITH  UONITE   AT  THE   BECLAMATION 

SEBVICE  PLAliVT  AT  WIUJSTON,  N.  DAK. 

In  the  fall  of  1908  the  steam-engineering  section  was  called  upon 
to  make  a  series  of  tests  of  North  Dakota  lignite  at  the  Recla- 
mation Service  plant  at  Williston,  N.  Dak.  ,The  primary  object  of 
these  tests  was  to  determine  whether  the  North  Dakota  lignite  is  a 
fuel  suitable  for  steaming  purposes..  The  lignite  as  it  is  mined  con- 
tains on  the  average  about  40  per  cent  of  moisture  and  about  7  per 
cent  of  ash;  its  heating  value  is  about  7,500  B.  t.  u. 

The  tests  were  made  on  a  Stirling  water-tube  boiler  of  250  boiler 
horsepower  capacity,  equipped  with  a  special  semigas-producer  fur- 
nace. In  this  furnace  the  fuel  was  gasified  on  the  grate,  the  gases 
passed  over  the  bridge  wall  into  the  combustion  space,  preheated  air 
was  added  to  them  through  the  opening  in  the  bridge  wall,  and  the 
combustion  was  completed  in  the  space  beyond  the  bridge  wall.  The 
setting  is  shown  in  part  in  figure  79, 

There  were  made  in  all  15  tests  with  rates  of  combustion  varying 
from  19  to  29  pounds  of  dry  coal  per  square  foot  of  grate  area  per  hour. 

A  complete  description  of  the  tests  and  the  results  are  given  in 
Bureau  of  Mines  Bulletin  2.  The  following  table  presents  the 
principal  items  of  the  results : 

Table  19. — Principal  resiUts  of  tests  made  mith  North  Dakota  lignite. 


Test  No. 


Horsepow- 
er devel- 
oped. 


1.- 
2-  - 

511 

4.. 

5.. 

6.. 

7-- 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
15A. 


202.  G 
238.7 
275.2 
184.7 
215.8 
243.4 
224.8 
256.1 
220.7 
208.7 
281.9 
283.8 
238.0 
240.0 
229.3 
268.2 


Equivalent  evapora- 
tion  from  and  at  212* 
F.  per  pound  of  coal 
(pounds). 


As  filred. 


3.50 
3.69 
3.43 
3.36 
3.79 
3.30 
8.63 
3.16 
3.46 
3.77 
3.48 
3.58 
3.67 
3.77 
3.03 
3.34 


Dry. 


6.33 
6.01 
6.02 
6.28 
5.65 
6.27 
5.62 
6.23 
6.70 
6.10 
6.22 
6.31 
6.54 
5.28 
5.83 


Efficiency  of— 


Boiler,  fig- 
ured from 
analysis 
of  coal 
and  ash 
(percent). 


61.35 
58.09 
61.23 
59.38 
56.05 
61.46 
55.56 
60.17 
64.24 
62.52 
50.10 
60.47 
61.33 
51.24 
56.66 


Boiler  and 

grate 
(per  cent). 


60.39 
57.47 
57.70 
58.33 
54.42 
60.94 
53.65 
59.04 
63.30 
50.21 
58.86 
50.52 
61.14 
49.64 
54.81 
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Although  the  evaporation  per  pound  of  coal  as  fired  is  low,  the 
over-all  eflSciency  and  the  capacity  of  the  boiler  were  as  good  as  are 
obtained  in  the  average  steam  plant  with  a  good  grade  of  eastern 
steam  coals.  This  fact  goes  to  show  that  the  North  Dakota  lignite 
is  a  good  fuel  for  making  steam. 

PRINCrPLES  INVOIiVED  IN  THE  COMBUSTION  OF  COAL 

IN  BOIIiER  FURNACES. 

The  combustion  of  coal  in  a  boiler  furnace  is  a  chemical  process  in 
which  the  oxygen  reacts  with  the  carbon  and  its  various  combina- 
tions with  hydrogen.  This  reaction  being  a  process  between  gaseous 
oxygen  on  one  side  and  gaseous,  Uquid,  and  solid  combustibles  on 
the  other  is  very  complicated. 

The  word  ^' liquid ''  as  used  in  this  discussion  denotes  all  types  of 
combustibles  between  the  gaseous  and  the  solid  form;  that  is,  such 
substances  as  in  a  strict  physical  sense  are  neither  gaseous  nor  solid. 
For  example,  if  some  coal  tar  in  its  viscous  semi-liquid  condition  is 
poured  on  a  hot  coal  fire,  a  dense  brown  smoke  will  be  formed.  One 
knows  that  this  visible  smoke  is  not  a  gas,  because  gases  are  not  visible ; 
it  is  also  hard  for  one  to  believe  that  all  this  smoke  consists  of  tiny 
angular  pieces  of  solid  carbon.  At  least  part  of  this  smoke  is  com- 
posed of  minute  globules  of  tar  which  have  been  boiled  off,  somewhat 
like  the  visible  '^ steam**  issuing  from  boiling  water.  For  lack  of  a 
better  expression  one  can  say  that  the  combustible  in  the  globules  is 
in  liquid  form. 

It  has  been  already  stated  in  the  section  on  the  composition  of 
gases  leaving  the  fuel  bed,  that  when,  in  the  case  of  hand  firing,  a 
fresh  charge  of  bituminous  coal  is  spread  over  the  hot  coke  on  the 
grate  the  coal  is  heated  rapidly  and  a  considerable  part  of  it  is  dis- 
tilled off  shortiy  after  the  coal  reaches  the  fuel  bed.  This  combustible 
that  is  distilled  off  is  mostly  in  gaseous  form,  and  such  forms  as 
are  in  this  discussion  called  ''liquids."  There  is  also  a  small  pro- 
portion of  tiny  pieces  of  solid  carbon  in  the  form  of  lampblack,  and 
even  small  pieces  of  coal  carried  along  with  the  current  of  the  gases. 

The  combustible  left  on  the  grate  is  fixed  carbon  in  the  solid  form; 
it  stays  on  the  grate  until  completely  burned  or  changed  into  gas. 
There  is  sufficient  evideijce  (see  p.  280)  that  in  the  two  or  three 
inches  of  fuel  bed  next  to  the  grate  or  the  layer  of  ash  the  carbon 
bums  to  CO2;  which  is  decomposed  into  (X)  as  it  passes  through  the 
upper  layers  of  the  hot  coal.  The  two  reactions  which  take  place 
are  represented  by  the  equations : 

c +03=003 

002+0=200 

The  temperature  of  the  fuel  bed  is  usually  so  high  that  even  with 
a  fire  that  is  considered  light  only  a  small  percentage  of  OO3  leaves 
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the  fuel  bed;  most  of  it  is  decomposed  and  rises  into  the  space  as  (X). 
It  is  therefore  important  that  additional  air  be  supplied  over  the 
fire  in  order  that  this  combustible  gas  may  be  burned. 

The  rate  of  formation  of  CO,  in  the  lower  layer  of  the  fuel  bed, 
and  to  a  lai^e  extent  the  rate  of  its  decomposition  in  the  upper 
layers,  seems  to  vary  directly  with  the  velocity  of  the  air  passing 
through  the  hot  fuel.  The  higher  the  blast  of  air  passing  through 
the  bed  of  burning  carbon  the  faster  the  latter  bums.  Undoubtedly 
the  scrubbing  action  of  the  blast  of  air  removes  from  the  surfaces  of 
the  solid  carbon  the  film  of  the  products  of  combustion  and  facili- 
tates the  access  of  free  oxygen  to  the  surfaces.  With  the  high  tem- 
peratures at  which  fuel  beds  are  maintained  rapid  combustion  or 
gasification  of  fixed  carbon  can  be  obtained  without  any  difiiculty  if 
a  stream  of  air  is  passed  through  the  beds. 

The  combustible  gases  which  leave  the  fuel  bed  during  and  after 
the  distillation  period  are  free  hydrogen  (H,),  carbon  monoxide,  and 
several  of  the  lighter  hydrocarbons.  The  "hquids"  are  the  heavy 
hydrocarbons  and  carbon-hydrogen  compounds  of  the  benzene  series, 
which,  although  surrounded  by  gases  at  a  high  furnace  temperature, 
may  exist  as  minute  tar  globules.  This  gaseous  and  ''Uquid"  com- 
bustible must  be  burned  in  the  combustion  space,  and  the  complete- 
ness of  the  process  depends  on  the  length  of  time  it  stays  within  the 
combustion  space  and  on  the  temperature  at  which  the  latter  is 
maintained.  All  the  forms  of  combustible  driven  off  from  the  fuel 
bed  are  mixed  more  or  less  perfectly  with  the  air  added  through  the 
firing  doors  or  other  openings  provided  for  this  purpose. 

The  velocity  of  chemical  reaction  (combination)  between  the  com- 
bustible gas  and  the  free  oxygen  (or  the  rapidity  with  which  the  com- 
bustible gas  bums)  depends  upon  the  concentration  of  the  two  gases; 
that  is,  the  rapidity  of  combustion  will  be  the  product  of  the  amount 
of  free  ox]^en  times  some  power  of  the  amount  of  combustible  gas 
present  in  a  unit  volume.  This  is  the  law  of  mass  action,  explained 
at  the  end  of  this  discussion.  The  combination  of  simple  gases,  such 
as  hydrogen  and  carbon  monoxide,  consists  of  a  single  reaction,  whereas 
the  combustion  of  the  unsaturated  hydrocarbons,  as  ethylene  and 
acetylene,  may  be  a  series  of  two  or  three,  or  even  more,  reactions, 
the  first  reactions  of  each  series  partly  burning  the  gases  and  partly 
reducing  them  to  simpler  combustible,  either  gaseous  or  soUd. 
Ordinarily,  if  the  mixture  is  good,  these  reactions  or  the  burning  of 
the  gaseous  combustible  are  nearly  complete  in  possibly  a  fraction  of 
a  second. 

The  tar  vapors,  however,  being  partly  in  ''liquid"  form,  require, 
even  in  the  case  of  a  uniform  mixture  with  oxygen,  a  much  longer 
time  for  their  complete  combustion,  because  oxygen  can  act  only  on 
the  surface  of   each  minute   globule.     As  each  globule  bums,  an 
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insulating  film  of  the  products  of  combustion  is  formed  around  it, 
preventing  contact  with  more  oxygen.  The  globules  are  carried  in 
the  current  of  gas,  and  since  both  have  very  nearly  the  same  velocity, 
there  is  little  or  no  friction  between  the  gas  stream  and  the  globules. 
The  chief  way  in  which  the  insulating  film  around  each  globule  can 
be  dispersed  and  more  oxygen  brought  into  contact  with  the  surface 
of  the  globule  is  by  natural  diffusion  between  the  gas  comprising  the 
film  and  the  free  oxygen  outside  the  film.  This  process  of  natural 
diffusion  is  rather  slow,  and  as  each  globule  contains  many  times 
more  combustible  matter  than  a  like  volume  of  gas,  the  process  of 
oxidation  of  the  globules  of  tar  may  extend  over  a  considerable 
length  of  time,  during  which  they  may  be  carried  out  of  the  furnace 
and  cooled  below  their  ignition  temperature.  Such  unoxidized  tar 
globules  appear  at  the  top  of  the  stack  as  a  dark  smoke  and  probably 
form  the  greater  part  of  the  loss  in  incomplete  combustion. 

These  tar  globules  are  similar  in  character  to  tobacco  smoke, 
which  is  not  a  product  of  combustion,  but  a  product  of  decomposi- 
tion; it  is  not  a  slightly  colored  gas,  but  a  large  number  of  small 
tobacco-oil  globules  held  in  suspension  by  the  current  of  gas.  Every 
smoker  knows  that  if  he  passes  the  smoke  from  his  cigar  through 
a  clean  wliite  linen  cloth,  the  visible  smoke^  which  consists  of  the 
tobacco-oil  globules,  will  condense  and  leave  a  light-brown  oil  spot 
on  the  hnen,  having  a  strong  characteristic  smell.  The  tarry  globules 
escaping  from  a  coal  fire,  if  collected  and  condensed  in  some  such 
way,  generally  appear  as  a  thick,  black,  pasty  liquid  having  the  strong 
coal-tar  odor,  that  we  are  accustomed  to  smell  around  a  certain 
class  of  gas  producers  or  around  gas  works.  Tar  vapors  from  a  wood 
fire  differ  in  odor  from  those  coming  from  a  coal  fire.  In  fact,  every 
fuel  gives  off  tar  vapors  with  odors  peculiar  to  that  fuel  and  some- 
what different  from  those  of  any  other. 

In  the  case  of  a  boiler  furnace,  any  attempt  to  determine  the  tar 
loss  by  volumetric  chemical  analysis  of  the  fuel  gases  must  necessarily 
fail  because  these  tars  have  comparatively  httle  volume;  further- 
more they  generally  condense  in  the  gas-sampling  apparatus. 

The  slow  combustion  of  the  tar  globules  can  be  made  faster  by 
increasing  the  rate  of  diffusion  of  the  film  of  products  of  combustion 
enveloping  the  globules.  This  can  be  done  by  creating  a  relative 
velocity  between  the  gas  stream  and  the  globules;  that  is,  by  making 
one  move  faster  than  the  other  or  by  changing  slightly  the  direction 
of  the  main  stream  of  gas.  The  resulting  friction  facilitates  diffimon 
by  a  process  of  scrubbing,  which  removes  from  the  globules  the 
insulating  film  of  products  of  combustion.  Insertion  of  brick  piers 
in  the  path  of  the  gases  or  changing  the  cross  section  of  the  gas 
passages  so  that  the  gases  have  to  contract  and  expand  induces  such 
relative  velocity. 
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That  some  such  film  as  is  hemn  described  does  pievent  the  free 
oxygen  from  coming  into  contact  with  the  surface  of  the  globules 
seems  to  appear  from  the  fact  that  gas  samples  tak^i  with  waters- 
jacketed  samplers  from  a  stream  of  gas  apparantly  rich  in  the  tar 
vapors  show  usually  several  per  cent  of  free  oxygen. 

As  the  tar  vapors  are  perhaps  a  whole  series  of  very  complex 
hydrocarbons,  their  complete  oxidation  undoubtedly  consists  of 
several  simultaneous  or  consecutive  reactions  more  or  less  dependent 
on  each  other.  This  is  probably  another  cause  of  their  slow 
combustion. 

What  has  been  said  about  the  slow  combustion  of  the  tars  is  per- 
haps in  a  large  measure  true  of  the  small  particles  of  solid  ccmibustible 
held  in  suspension  by  the  gases. 

In  the  preceding  discussion  of  the  combustion  of  the  various  forms 
of  combustible  in  a  boiler  furoace  it  has  been  shown  that  the  gaseous 
combustible  is  easy  to  bum  because  it  bums  quickly,  and  that  the 
fixed  carbon  is  easy  to  bum  or  gastfy  because  it  stays  on  the  grate 
until  completely  burned  or  gasified;  also  that  the  tar  vapors,  the 
lampblack,  and  the  tiny  pieces  of  coal  held  in  suspension  by  the 
gases  are  difficult  to  bum  because  they  bum  slowly,  and  usually  can 
not  be  kept  within  the  furnace  long  enough  to  be  completely  burned. 
The  proper  way  to  bum  coal  would  be  to  treat  it  in  such  a  way  as  to 
distill  as  volatile  matter  only  light,  easily  burning  gases,  and  leave 
all  the  rest  of  the  c(»nbustible  on  the  grate  and  bum  or  gasify  that 
while  it  stays  there.  Laboratoiy  experiments'*  show  that  the 
amount  and  quatity  of  the  combustible  driven  off  the  coal  by  heating 
depend  largely  on  the  rate  of  heating;  that  is,  when  the  rate  of 
heating  is  slow,  the  total  combustible  matter  driven  off  as  volatile  is 
small  in  quantity  and  gaseous  in  composition,  while  if  the  rate  of 
heating  the  coal  is  very  rapid  the  total  volatile  matter  driven  off  is 
not  only  high  in  quantity  but  contains  much  tar  vapor.  It  seems  as 
though  the  hydrogen  of  the  coal  must  be  distilled  off  before  burning, 
and  that  when  the  coal  is  heated  slowly  the  hydrogen  on  distillation 
takes  only  a  small  amount  of  carbon  with  it,  leaving  most  of  the 
latter  on  the  grate  as  fixed  carbon.  If,  however,  the  coal  is  heated 
very  rapidly,  the  hydrogen  comes  off  with  a  large  amount  of  carbon 
and  escapes  as  volatile  matter,  leaving  a  smaller  quantity  of  the 
carbon  on  the  grate  in  a  fixed  form.  These  facts  bring  one  to  the 
realization  that  there  is  no  definite  line  between  fixed  carbon  and 
volatile  matter.  One  knows,  for  instance,  that  coal  tars  which  escape 
from  a  gas  producer  entirely  as  volatile  matter  show  40  to  50  per  cent 
of  fixed  carbon  when  subjected  to  proximate  analysis.  Similarly,  if 
the  tars  from  a  boiler  furnace,  particularly  from  a  hand-fired  one, 
were  caught  and  analyzed  by  the  proximate  method,  they  would 

a  Bm  Bulletin  1,  Bureau  of  Mines. 
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likdy  show  a  considerable  percentage  of  fixed  carbon.  This  fixed 
carbon  of  the  tar  should  have  been  left  on  the  grate  and  not  caiiied 
away  by  the  process  of  distillation. 

According  to  the  above  reasonings  firing  coal  by  hand  is  not  the 
right  way  to  bum  it,  because  the  pieces  of  coal  fall  on  a  very  hot 
fuel  bed  and  are  heated  in  two  or  three  minutes  through  a  range  of 
temperature  of  about  2,400^  F.  This  is  a  very  high  rate  of  heating, 
and  much  of  the  carbon,  that  with  a  slow  heating  would  be  left  on 
the  grate  as  fixed  carbon,  is  driven  away  in  combination  with  hydrogen 
in  the  form  of  heavy  tar  vapors.  These  tar  vapots  generaUy  do  not 
stay  long  enough  in  the  furnace  to  bum  completely  and  hence  leave 
the  stack  as  smoke. 

Most  mechanical  stokers  are  designed  so  that  the  coal  is  fed  into 
the  furnace  gradually,  and  therefore  the  rate  of  heating  is  slow. 
The  result  is  that  a  comparatively  small  amount  of  combustible  is 
driven  off  as  volatile  matter,  and  that  which  is  driven  off  consists 
chiefly  of  easily  burning  gases.  Most  of  the  carbon  is  left  on  the  grate 
in  the  fixed  form,  where  it  is  either  burned  or  gasified;  very  small 
amounts  of  tarry  vapors  are  distilled,  whence  the  success  of  most 
mechanical  stokers  in  burning  smoky  fuel.  As  an  example,  on  a  well- 
operated  chain  grate  stoker,  it  takes  perhaps  15  to  20  minutes  to  heat 
the  coal  through  the  same  temperature  range  of  2,400^  F.,  whereas 
this  heating  extends  over  only  two  or  three  minutes  in  a  hand-fired 
furnace.  In  general  the  success  of  these  mechanical  stokers  lies  not  in 
the  fact  that  they  consume  smoke  but  in  that  they  bum  coal  without 
producing  smoke  at  all. 

The  tar  vapors  and  other  heavy  carbon-hydrogen  compounds,  which 
are  the  products  of  distillation  of  coal  under  certain  treatment,  bum 
slowly,  and  in  order  to  bum  them  completely  they  must  be  kept  a 
comparatively  long  time  within  the  furnace.  To  fidfill  this  condition 
the  furnace  must  be  provided  with  a  large  combustion  space.  Such 
furnaces,  however,  are  objectionable  for  obvious  reasons.  The  remedy 
probably  is  to  avoid  the  formation  of  these  slow-burning  volatile 
compounds  by  using  the  principle  of  slow  heating. 

Although  the  space  necessary  for  complete  combustioA  may  be 
considerably  reduced  by  the  slow  and  gradual  heating  of  the  coal, 
nevertheless,  some  space  must  always  be  provided  for  the  burning 
of  the  gases  which  rise  from  the  fuel  bed  even  though  the  tar  vapors 
be  absent.  If  all  other  conditions  are  kept  constant  the  volume  of 
gases  leaving  the  fuel  bed  varies  directly  as  the  rate  of  combustion 
or  the  rate  of  gasification.  Therefore  to  obtain  the  same  completeness 
of  combustion  the  space  in  the  furnace  should  be  in  proportion  to  die 
rate  of  combustion,  or,  more  correctly,  the  combustion  space  should 
be  proportional  to  the  volume  of  the  gas  leaving  the  fuel  bed.  It  is 
not  always  practical  to  carry  out  this  relation.    There  are  cases  in 
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which  the  space  available  for  the  entire  steam-generatmg  apparatus 
is  too  small  compared  with  the  steanung  capacity  of  the  apparatus. 
In  such  cases  the  combustion  space  of  the  furnace  is  often  reduced  to 
a  mere  fraction  of  the  required  volume  needed  for  a  practically  com- 
plete combustion.  Under  such  conditions  not  only  do  the  tar  vapors 
but  also  a  considerable  amount  of  the  easily  burnable  gases  leave  the 
furnace  unconsumed. 

To  show  how  small  the  combustion  space  is  in  some  boiler  furnaces 
Table  20  is  presented.  In  the  table  is  given,  for  three  furnaces,  the 
usual  relation  of  combustion  space  to  grate  area,  the  rate  of  combus* 
tion,  and  the  average  time  each  cubic  foot  of  gas  is  allowed  to  stay  in 
thefumac^e. 

Tabls  20. —  Usual  relation  of  oomfnution  space  to  grate  area,  the  rate  of  comfrtixtion,  oruf 

the  average  time  each  cubic  foot  of  gas  stays  in  thefvrrkoce. 
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a  Assuming  that  20  pounds  of  gas  and  water  vapor  are  formed  -per  pound  of  coal  and  that  the  furnace 
temperature  is  2,500*  F. 

Columns  5  and  6  show  that  the  ratio  of  combustion  space  to  grate 
area  in  the  torpedo-boat  furnace  decreases  much  more  rapidly  with 
the  thickness  of  fire  than  it  does  in  either  of  the  other  two  furnaces. 
A  thick  fuel  bed  not  only  makes  the  gases  richer  in  combustible  but 
also  reduces  the  space  in  which  this  combustible  gas  is  to  be  burned. 

Column  9  gives  approximately  the  average  length  of  time  each 
cubic  foot  of  gaseous  mixture  is  allowed  to  stay  in  the  combustion 
space  of  the  furnace.  In  the  case  of  the  torpedo-boat  furnace  the 
time  is  very  short;  in  fact,  it  is  too  short  for  any  chemical  reaction 
which  is  not  almost  instantaneous  like  that  of  an  explosion. 

The  bad  conditions  of  combustion  due  to  small  combustion  space 
are  usually  made  worse  by  inadequate  mixing  of  the  gases.  It  has 
been  shown  in  the  section  on  the  composition  of  gases  at  various  parts 
in  the  furnace  that  the  gas  leaving  the  fuel  bed  is  very  rich  in  combusti- 
ble and  deficient  in.  free  oxygen.  It  is  therefore  always  necessary  to 
add  air  to  the  gases  rising  from  the  hot  fuel.    If  the  air  is  admitted 
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through  large  openings,  like  the  firing  doors,  it  may  pass  through  the 
furnace  as  one  solid  stream  alongside  of  another  large  stream  of  com- 
bustible gas,  without  materially  improving  the  completeness  of  com- 
bustion. It  is  obvious  that  in  order  to  help  the  combustion,  the  air 
must  not  only  be  admitted  but  must  be  intimately  mixed  witJi  the 
combustible  gas  if  the  latter  is  to  be  completely  burned  in  the  short  time 
that  it  is  allowed  to  stay  within  the  furnace.  Thus  it  can  be  seen 
that  the  mbdng  of  the  gases  is  an  important  factor  affecting  complete- 
ness of  combustion,  particularly  where  the  combustion  space  is  small. 

LAW  OF  MASS  ACTION  APPIJED  TO  COMBTTSTION  OF  OASB8     £M 

THB  BOHiEB  FDBNACE. 

The  law  of  mass  action  states  that  the  speed  of  any  chemical  reaction 
is  proportional  to  the  products  of  some  powers  of  the  weights  of  the 
reacting  substances  present  in  a  unit  of  volume;  that  is,  if  one  mole- 
cule of  substance  A  reacts  with  one  molecule  of  substance  B,  the 
velocity  of  the  reaction  at  any  time  will  be  directly  proportional  to  the 
product  of  the  molecules  (or  the  weight  expressed  in  gram-molecules) 
of  each  substance  present  in  a  unit  of  volume.  Reactions  of  this  kind 
are  said  to  be  of  the  second  order.  If  one  molecule  of  substance  A 
reacts  with  two  piolecules  of  substance  C  the  velocity  of  the  reaction 
will  be  proportional  to  the  number  of  molecules  (or  the  weight 
expressed  in  gram-molecules)  of  substance  A  in  a  imit  of  volume 
multiplied  by  the  square  of  the  number  of  molecules  (or  the  weight 
expressed  in  gram-molecules)  of  substance  C.  Reactions  of  this  kind 
are  said  to  be  of  the  third  order.  It  can  be  said  that  in  any  case  the 
speed  of  the  chemical  reaction  increases  when  the  weight  (in  gram- 
molecules)  of  the  reacting  substance  in  a  unit  of  volume  increases, 
although  the  relation  may  not  be  a  simple  proportion. 

The  law  of  mass  action  is  one  of  the  most  firmly  established  and 
useful  of  the  laws  of  physical  chemistiy.  Its  operation  is  a  matter 
of  daily  observation  in  other  fields;  for  example,  the  more  water  one 
uses  the  easier  it  is  to  dissolve  sugar,  salt,  and  other  soluble  sub- 
stances. Only  recently  has  the  law  been  mathematically  formulated 
in  chemistry.  It  is  often  hard  to  learn  what  the  reactions  are  and 
what  formula  to  use;  still  the  path  of  a  great  many  reactions  has  been 
determined  by  experiments  and  by  finding  what  formula  fitted  the 
observed  results. 

In  the  case  of  combustion  of  coal  the  law  of  mass  action  manifests 
itself  by  the  fact  that  in  most  furnaces  a  considerable  excess  of  air 
is  needed  above  the  theoretical  requirement  to  insure  practically  com- 
plete combustion  within  the  f  lunace.  If  the  air  supply  is  reduced  to 
near  the  theoretical  amount  the  combustion  of  the  gases  is  slow  and 
a  long  time  is  required  to  bum  them.  The  time  is  so  long  that 
usually  a  lai^e  percentage  of  these  gases  leave  the  furnace  before 
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they  are  burned.  It  can  be  easily  seen  that  if  there  are  two  mole- 
cules of  carbon  monoxide  and  ten  molecules  of  oxygen  in  a  unit 
volume^  the  chances  of  one  molecule  of  oxygen  meeting  the  two 
molecules  of  carbon  monoxide  are  a  great  deal  more  than  if  there 
were  only  one  or  two  molecules  of  oxygen  in  the  same  imit  of  volume. 
When  in  the  mixture  of  air  and  furnace  gases  some  oxygen  unites  with 
carbon  monoxide,  this  oxygen  is  no  longer  available  for  oxidation  of 
the  remaining  combustible;  worse  yet,  the  molecules  of  the  products 
of  combustion  formed  are  in  the  way,  so  that  the  remaining  molecules 
of  oxygen  meet  the  remaining  molecules  of  combustible  gas  less 
frequently.  As  the  combustion  proceeds,  the  masses  or  molecules  of 
free  oxygen  and  combustible  gas  become  less  and  less  compared  with 
the  total  mass  of  gas  present  and  their  combination  becomes  slower 
until  it  is  nearly  zero;  whence  the  name  mass  action.. 

The  weight  or  mass  of  chemical  substances  when  used  in  connection 
with  the  mass-action  law  is  always  measured  in  gram-molecular  units. 
Elementary  chemistry  states  that  carbon  monoxide  and  oxygen 
combine  in  just  one  proportion — 28  parts  by  weight  of  carbon 
monoxide  (its  molecular  weight)  and  16  parts  by  weight  of  oxygen 
(its  atomic  weight) .  Inasmuch  as  free  oxygen  does  not  exist  in  atoms, 
one  molecule  of  oxygen  and  two  of  carbon  monoxide  should  really  be 
considered;  the  ratio  of  the  weights  would  then  be  56  parts  of  carbon 
monoxide  to  32  parts  of  oxygen,  which  is  the  same  proportion  as  28  to 
16.  For  these  reasons  both  combining  substances  must  be  con- 
sidered according  to  the  number  of  gram  molecules  present;  that  is, 
the  number  of  grams  of  each  gas  present  divided  by  its  respective 
molecular  weight.  Luckily  this  trouble  disappears  when  working 
with  gases  analyzed  volumetrically,  as  with  an  Orsat  apparatus, 
because  the  volumetric  weights  of  gases  are  directly  proportional  to 
their  molecular  weights,  as  all  gases  at  the  same  temperature  and 
pressure  contain  the  same  number  of  molecules  in  the  same  volume. 
In  working  with  the  law  of  mass  action  all  that  is  necessary  is  to  sub- 
stitute the  volumetric  percentages  of  O,,  CO,  and  CH^  in  the  equation 
corresponding  to  the  particular  reaction  and  obtain  the  relative 
indication  of  the  rate  of  combustion,  assuming,  of  course,  the  same 
temperature  and  the  same  pressure  in  every  case. 

Example:  An  analysis  of  gas  collected  with  a  water-jacketed  gas 
sampler  from  the  rear  of  the  combustion  chamber  showed  the  two 
following  results,  the  combustion  chamber  temperature  in  each  case 
being  2,600°  F. : 

(1)  02  =  4  per  cent;  CO  =  0.5  per  cent. 

(2)  02  =  7  per  cent;  CO  =  0.4  per  cent. 

The  remainder  of  the  sample  consisted  of  nitrogen,  water  vapor, 
carbon  dioxide  and  other  gases.     What  is  the  relative  velocity  of 
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combustion  of  CO  in  each  of  the  two  cases?    The  formula  of  the 
reaction  is  2C0 +02?:^2COj.» 

At  a  temperature  of  2,600^  F.  the  dissociation  of  CO,  is  only  about 
0.01  per  cent.  Therefore,  one  may  say  with  close  accuracy  that  the 
reaction  at  this  temperature  is  not  reversible  but  proceeds  to  a  finish. 
It  can  be  written: 

2CO+Oj  =  2CO. 

If  the  rate  of  combustion  of  CO  in  the  gas  is  given  by  the  equation 

^^  =  A  constantx  (CO)'  (O,), 

the  relative  rates  of  combustion  in  the  two  cases  are: 

(1)  4X0.5^  =  1;  (2)  7X0.4^  =  1.12. 

Thus  the  net  velocity  of  combustion  in  the  second  case  is  greater 
on  account  of  more  oxygen^  although  there  is  a  less  percentage  of 
carbon  monoxide. 

Another  example:  Assume  that  the  gas  mixture  over  the  front  part 
of  the  bridge  wall  and  in  the  rear  of  the  combustion  chamber  contains 
the  following  percentages  of  CO  and  O^,  what  are  the  relative  rates  of 
combustion  of  CO  at  each  place  f 

The  gas  over  the  front  part  of  bridge  wall  contains  10  per  cent  of  CO 
and  9  per  cent  of  O,. 

The  gas  at  the  rear  of  the  combustion  chamber  contains  0.6  per 
cent  of  CO  and  4.5  per  cent  of  O,. 

The  rate  of  combustion  of  CO  over  the  bridge  wall  is 

9X10^  =  900 

when  the  rate  of  combustion  of  CO  in  the  rear  of  the  combustion 

chamber  is 

4.5  X0.6>  =  1.62. 

The  preceding  figures  show  that  the  rate  of  the  combustion  of  CO 
is  over  500  times  as  fast  over  the  bridge  wall  as  it  is  in  the  rear  of  the 
combustion  chamber. 

It  must  be  constantly  borne  in  mind  that  calculations  of  velocity 
of  reactions  based  on  the  laws  of  mass  action  are  liable  to  be  seriously 
in  error  owing  to  disturbing  side  reactions;  but  probably  less  is  to  be 
feared  here  with  simple  gases  at  high  temperatures  than  with  more 
complex  substances  at  ordinary  temperatures.  At  any  rate,  these 
laws  of  mass  action  are  a  valuable  guide  in  such  problems,  and  if 
the  facts  do  not  fit  proved  formulas  well,  too  little  theory  has  been 
applied,  and  some  refining  corollaries  must  be  added. 

The  question  may  arise:  How  are  we  to  treat  cases  in  which  more 
than  one  combustible  is  present  ?  Simply  by  adding  the  two  effects 
together,  as  when  we  say  that  the  pressure  of  a  mixture  of  gases  on 

a  The  sign  4=t  Indicates  that  a  chemical  combination  and  a  decomposition  are  going  on  side  by  side.  The 
composition  of  the  mixture  changes  according  to  the  relative  rapidity  of  combination  or  dissociation. 
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the  walls  of  a  containmg  vessel  is  the  sum  of  the  pressures  of  the  con- 
stituent gases;  the  two  reactions  go  on  independently  side  by  side. 
Care  must  be  taken  not  to  add  these  velocity  products  without  having 
first  multiplied  each  by  its  proper  reduction  factor,  which,  for  most 
substances,  is  at  present  imperfectly  known  for  high  temperatures. 
For  the  present,  therefore,  it  is  not  feasible  to  get  an  expression  for  the 
comparative  total  velocities  of  combustion  of  all  constituents  taken 
together  at  several  points  along  the  flame. 

Thus  far  the  law  of  mass  action  as  applied  to  the  combustion  of  gases 
has  been  considered.  The  law  is  also  a  valuable  guide  in  the  study 
of  the  combustion  of  the  fixed  carbon  on  the  grate,  which  is  a  chemical 
reaction  between  a  solid  and  a  gas.  In  this  case  the  mass  of  the  solid 
carbon  is  almost  infinite  compared  with  that  of  the  gaseous  oxygen 
so  that  the  velocity  of  the  reaction  depends  only  on  the  mass  of  the 
oxygen  coming  in  contact  with  a  unit  surface  of  the  hot  pieces  of 
coke.  The  faster  the  oxygen  is  supplied  to  the  surface  of  the  carbon 
the  higher  the  velocity  of  the  reaction.  This  principle  is  utilized  in 
a  blacksmith  f oi^e  and  in  all  blast  furnaces.  The  oxygen  of  the  air 
is  blown  in  at  high  velocities  and  the  gaseous  products  of  combustion 
are  quickly  removed  and  free  oxygen  brought  in  contact  with  the 
surface  of  the  hot  solid  carbon.  The  high  velocity  of  the  air  simply 
keeps  the  mass  of  free  oxygen  against  the  surfaces  of  the  carbon  at 
high  pressure. 

If  the  same  method  of  supplying  *oxygen  could  be  applied  to  the 
combustion  of  the  tar  globules  they  would  be  much  less  troublesome. 
However,  they  are  so  small  that  they  quickly  adopt  the  motion  of  the 
surrounding  gas  and  consequently  tJiere  is  little  or  no  relative  veloc- 
ity between  the  two,  to  scrub  off  the  layer  of  the  products  of  com- 
bustion and  increase  the  mass  of  the  free  oxygen  acting  against  the 
surfaces  of  the  globules.  The  removal  of  the  products  of  combustion 
and  the  supplying  of  free  oxygen  must  be  largely  accomplished  by 
natural  diffusion,  which  is  a  slow  process.  This  is  the  reason  that  the 
process  of  combustion  of  the  tar  globules  is  slow. 

In  the  commercial  combustion  of  fuels,  where  the  speed  of  burning 
coal  is  important  for  obtaining  high  capacity,  the  operator  must 
deteimine  whether  he  will  be  most  benefited  by  high  temperatures  or 
by  a  close  approach  to  complete  combustion.  If  he  must  put  the 
heat  into  material  at  high  temperature,  as  in  melting  pig  iron  or 
fusing  cement,  he  must  cut  down  the  air  supply  even  at  the  cost  of  a 
large  fall  in  completeness  of  combustion  due  to  decreased  oxygen 
mass  action,  so  as  to  have  the  temperature  of  the  gases  as  high  as 
possible  above  that  of  the  material  to  be  worked.  If  the  tempera- 
ture of  his  material  is  low,  as  is  the  water  in  a  boiler,  it  does  not  make 
much  difference  within  reasonable  limits  how  much  air  he  uses  so 
far  as  heat  absorption  is  concerned;  larger  proportions  of  air  mean 
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larger  oxygen  mass  action  and  more  complete  combustion.  Of  course 
this  increased  air  supply  can  be  easily  carried  to  extremes  and  large 
heat  losses  in  the  stack  may  result.  As  a  general  rule  the  air  supply 
per  pound  of  fuel  must  be  decreased  at  a  sacrifice  of  completeness  of 
combustion,  when  the  temperature  of  the  material  into  which  heat 
is  to  be  put  is  high. 

PRINCIPIiES     INVOLVED    IN    HEAT    TRANSMISSION    TS 

STEAM  BOILERS. 

The  heat  evolved  by  the  combustion  of  fuel  in  the  furnace  is  con- 
tained partly  in  the  residue  on  the  grate,  but  mostly  in  the  gaseous 
products  of  combustion.  From  these  substances  the  heat  is  trans- 
mitted first  to  the  heating  plates  of  the  boiler  and  then  through  them 
to  the  water  on  the  inside  of  the  boiler.  The  path  of  heat  travel  con- 
sists of  three  distinct  parts,  as  follows : 

(1)  From  the  hot  gas  or  the  hot  fuel  on  the  grate  to  the  dry  surface 
of  the  heating  plate.  This  is  the  most  important  part  of  the  path, 
because  it  is  the  slowest  and  the  most  tortuous  part  for  the  heat  to 
pass  over;  this  part,  however,  seldom  receives  due  consideration  in 
the  design  of  the  boiler  or  any  apparatus  involving  the  problem  of 
heat  transmission  in  general. 

(2)  From  the  dry  surface  to  the  wet  surface  of  the  plate;  this  is 
the  only  part  that  is  usually  considered. 

(3)  From  the  wet  surface  of  the  boiler  plate  into  the  body  of  the 
boiler  water;  this  is  perhaps  the  easiest  part  of  the  path. 

In  passing  over  these  three  parts  of  the  path  the  heat  travels  in 
three  ways:  In  the  first  part  of  its  path  it  passes  from  the  hot  fuel 
bed,  hot  flames,  or  from  any  incandescent  substances  in  the  furnace 
to  the  dry  surface  by  radiation.  From  the  hot  gases  the  heat  passes 
to  the  dry  surface  by  convection;  that  is,  the  motion  of  the  particles 
of  gases  brings  them  in  actual  contact  with  the  dry  surface  and  they 
impart  their  heat  to  it.  As  a  very  large  percentage  of  the  heat 
evolved  in  the  furnace  is  contained  in  the  gases  this  last  mode  of  heat 
travel  is  the  most  important  one  in  the  problem  of  steam  generation. 
The  heat,  then,  reaches  the  dry  surface  of  the  heating  plate  by  radia- 
tion and  convection.  Between  the  dry  and  the  wet  surface  the  heat 
travels  through  the  plate  by  conduction;  this  mode  of  heat  propaga^ 
tion  is  well  understood  and  its  principles  are  frequently  used  in  work- 
ing out  thermal  problems.  From  the  wet  surface  of  the  plate  the  heat 
passes  into  the  water  by  convection;  that  is,  the  particles  of  water 
come  in  contact  with  the  wet  surface  and  after  absorbing  some  heat 
are  changed  partly,  or  wholly,  into  steam  and  are  pushed  away  by 
other  particles  of  water  which  have  capacity  to  absorb  heat.  This 
exchange  of  heat-containing  water  particles  for  particles  which  have 
capacity  for  absorbing  heat  is  identical  to  circulation  of  water  and  is 
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the  result  of  the  diSerence  between  the  density  of  ihe  particlee  of 
water  and  that  of  Btetun. 

Figure  85  shows  diagrammatically  the  three  parts  of  the  path  of 
heat  travel  from  the  hot  gasses  and  the  hot  fuel  through  the  metal 
of  the  heating  plate  to  the  boiler  water.  The  di^T'am  also  shows 
the  ways  the  heat  travels  over  this  -path. 

The  diagram  iUustratee  the  heating  plate  on  the  gas  side  covered 
with  a  layer  of  soot  and  on  the  water  side  with  a  layer  of  scale.     Next 
to  the  soot  layer  and  entangled  in  its  recesses  is  a  layer  or  filrn  of 
motionless  gas.    This  p]Tn,  of  gas  under  ordinary  conthtions  adheres 
BO  tightly  to  the  soot  or 
metal,  that  it  may  be  con- 
sidered a  part  of  the  solid 
plate.    It  is  therefore  rea- 
sonable to  assume  that  the 
dry  surface  of  the  plate  is  a 
thin  region  of  gas  near  to, 

or  at,  the  outside  surface  of  ■*> 

the  soot  coating  where  the 
heat  ceases  to  travel  by  con- 
vection and  starts  to  travel 
by  conduction.  The  wet 
surface  of  the  heating  plate 
is  located  in  a  similar  film 
of  water  and  steam  adhering 
on  the  inside  of  the  boiler 
to  the  layer  of  scale.  It 
can  be  defined  as  the  thin  region  of  steam  and  water  near,  or  at, 
the  surface  of  the  layer  of  scale  where  the  heat  ceases  to  travel  by 
conduction  and  starts  traveling  t^  convection. 

It  may  be  well  to  explain,  briefly,  the  three  ways  1^  which  heat 
travels. 

Conduction  of  heat  is  the  process  by  which  heat  flows  from  a  hotter 
body  to  a  colder  one,  when  the  two  are  directly  in  contact,  or  from 
one  part  of  a  body  to  a  colder  part  of  the  same  body.  Conduction  of 
heat  implies  no  visible  or  mechanical  motion  of  bodies  or  parts  of  the 
same  body,  but  implies  a  direct  contact.  In  the  case  of  a  boiler  the 
heat  passes  by  conduction  from  the  particles  of  hot  gas  which  come 
into  contact  with  the  soot  coating,  into  the  latter,  and  then  through 
the  metal  and  scale  into  the  particles  of  water  next  to  the  scale. 

Badiation  is  a  process  by  which  heat  passes  through  space  from  one 
body  to  another  without  any  material  f^ency;  that  is,  the  two 
bodies  do  not  come  into  contact  directly  or  by  means  of  a  third  body 
or  bodies.  In  the  case  of  a  boiler  furnace  and  a  boiler  plate,  heat 
floira  by  radiation  from  the  hot  fuel  bed  and  flames  through  the  space 
filled  with  gases  directly  into  the  boiler  plate  without  heating  the 


342  STEAMIKQ  TESTS  OF  COALS. 

gases  appreciably.  The  amount  of  heat  transmitted  by  radiation 
woxild  not  be  lessened  if  the  gases  did  not  fill  the  space;  in  fact  it 
would  be  slightly  greater  if  there  were  a  vacuum  between  the  fuel  bed 
and  the  plate. 

Convection  of  heat  from  one  place  to  another  always  implies  the 
motion  of  a  fluid  receiving  or  giving  up  the  heat.  Thus,  in  the  case  of 
hot  gases  and  the  boiler  plate,  heat  is  imparted  to  the  plate  by  small 
particles  of  gas  moving  from  the  body  of  the  gas  toward  the  plate  and 
imparting  their  heat  to  the  latter  when  in  contact  with  it.  In  other 
words,  convection  is  the  process  of  continuous  interchange  of  the 
cooled  particles  of  gas  next  to  the  surface  and  those  farther  away 
within  the  body  of  the  gas.  It  is  evident  that  the  amount  of  heat 
imparted  to  a  imit  of  dry  surface  of  the  plate  depends  on  the  rate  of 
exchange  of  the  particles  of  gas. 

Each  of  the  three  modes  of  heat  propagation  is  governed  by  a  dis- 
tinct law  which  is  different  from  those  governing  the  other  two  modes. 
These  laws  as  applied  to  the  steam-boiler  problem  are  briefly  stated  in 
the  following  paragraphs.  An  example  of  the  application  of  the  law 
follows  each  statement. 

CONDUCTION. 

The  quantity  of  heat  which  can  be  transmitted  through  a  unit  area 
of  heating  plate  in  a  unit  of  time  depends  on  the  difference  of  tem- 
perature between  the  dry  and  the  wet  surfaces  of  the  plate,  the  con- 
ductivity of  the  substances  on  or  in  the  plate,  and  the  distance  between 
the  two  surfaces.  This  law  can  be  expressed  by  the  following  simple 
formula: 

H«^(«i-0,  (1) 

in  which 

H=the  quantity  of  heat  transmitted  per  imit  of  area  of  heating 

plate, 

C= the  average  conductivity  of  the  substances  between  the  dry  and 
the  wet  surface, 

(i  =  the  distance  between  the  two  surfaces, 

ti  =  the  temperature  of  the  dry  surface,  and 

<=the  temperature  of  the  wet  surface. 

This  law  governing  the  rate  of  heat  transmission  by  conduction  is 
the  same  as  Ohm's  law,  much  used  in  electrical  conduction  problems. . 

It  is  evident  that  with  any  physical  condition  of  the  plate  and  the 
surfaces,  the  rate  of  heat  transmission  depends  entirely  on  the  excess 
of  the  temperature  of  the  dry  surface  over  that  of  the  wet  surface. 
For  example,  if  it  is  required  to  transmit  twice  the  quantity  of  heat  in 
the  same  length  of  time,  the  difference  between  the  temperatures  of 
the  two  surfaces  must  be  doubled.  Since  the  temperature  of  the  wet 
surface  is  nearly  the  same  as  that  of  the  steam  in  the  boUer  and. 
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therefore,  can  not  be  lowered^  the  temperature  of  the  dry  siirface 
must  be  raised.  As  it  is  this  dry  surface  of  the  heating  plate  which 
cools  the  furnace  gases,  the  rise  of  its  temperature  results  in  a  rise  of 
the  temperature  of  the  escaping  gases.  Thus  we  see  that,  with  the 
same  conditions  of  the  heating  plate  and  the  same  initial  temperature 
of  the  furnace  gases,  the  temperature  of  the  escaping  gases  will  rise 
somewhat  with  increasing  capacity.  This  law  can  be  illustrated  by 
the  following  specific  example: 

At  normal  capacity  1  square  foot  of  heating  plate  of  a  boiler  trans- 
mits on  the  average 

3.5X965-3,378  B.  t.  u.  per  hour,  or 

3  378 
gQygQ— 0.948  B.  t.  u.  per  second— H  in  equation  (1). 

In  the  Smithsonian  Physical  Tables  the  heat  conductivity  of  iron  at 
400^  F.  is  given  as  about  0.0005.  This  means  that  if  the  two  surfaces 
of  an  iron  plate  1  inch  thick  are  kept  at  a  temperature  difference  of 
1^  F.,  every  square  inch  of  the  plate  transmits  0.0005  B.  t.  u.  per 
second;  or  every  square  foot  transmits  0.0005X144—0.072  B.  t.  u. 
per  second.    This  value  is  C  in  equation  (1). 

Now  the  walls  of  a  tube  in  a  water-tube  boiler  are  about  0.1  inch 
thick.  This  value  is  dm  equation  (1).  We  have,  then,  all  the  values 
excepting  the  temperature  difference  (ti  —  t)  which  we  can  easily  com- 
pute by  substituting  the  previously  obtained  values  in  equation  (1). 

.948  =  ^(^,-0. 

Therefore  {i,  -  0  =  ^^  « 1  32^  F. 

This  is  a  surprisingly  small  temperature  drop.  Even  if  the  resist- 
ance of  the  heating  plate  to  the  passage  of  heat  was  increased  10  tinies 
by  the  presence  of  the  soot  and  scale  in  a  normally  clean  boiler  tube, 
the  temperature  drop  between  the  two  surfaces  of  the  plate  would 
be  only  13^  F.  It  is  certain  that  with  a  normal  rate  of  working  the 
temperature  of  the  wet  surface  of  the  plate  is  not  very  much  higher 
than  the  temperature  of  the  steam  in  the  boiler,  probably  less  than 
15**  F.  If  that  is  the  case  the  temperature  drop  from  the  dry  surface 
to  the  boiler  water  is  only  about  25  or  30**  F.  at  the  normal  rate  of 
working.  For  10  times  the  normal  rate  of  working  this  temperature 
drop  would  be  250  or  300°  F.,  which  is  only  a  small  fraction  of  the 
total  temperature  difference  between  the  furnace  gases  and  the  boiler 
water. 

The  previous  calculation,  although  only  approximate,  indicates 
that  the  heat  passes  rather  easily  from  the  dry  sxuface  through  the 

99133*— Bull.  23—12 ^23 
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heating  plate  into  the  boiler  water,  but  that  the  process  of  heat  impar* 
tation  by  the  furnace  gases  to  the  <iiy  surface  is  slow  and  is  that  part 
of  the  path  of  the  heat  travel  which  is  responsible  for  the  present  low 
rate  of  working  steam  boileis. 
Figure  86  shows  the  ap- 
proximate temperature  drop 
from  the  gases  to  the  boiler 
water  when  the  boiler  works 
at  10  times  the  normal  rate  of 
working.  The  figure  is  based 
on  the  calculations  made  in 
the  preceding  discussion.  It 
is  apparent  from  the  figure 
that  the  [n^>blem  of  working  a 
steam  boiler  at  high  capacity 
is  not  so  much  a  question  of 
how  much  heat  the  heating 
plates  of  a  boiler  will  trans- 
mit, as  of  how  much  heat  can 
be  imparted  to  thedry  surf  ace 
of  the  heating  platee.    It  is 

pentun  of  the  boiler  toIbt  when  working  ■  boOa  tX  W      from  the  hot  gBSeS  tO  the  dty 

ttniaitiDonuituiac.  Burface  of  the  heating  plat« 

which  should  receive  a  thorou^  consideration  when  designing  a 
boiler  for  hig^  rates  of  working. 

HADIATIOK. 

In  the  ordinary  water-tube  boiler  the  quantity  of  heat  imparted  to 
the  dry  surface  of  the  heating  plate  by  radiation  is  small.  In  the 
intemally  fired  types,  however,  the  heat  thus  received  may  amount 
to  a  considerable  percent^e  of  the  total  heat  absorbed  by  the  boiler. 

The  quantity  of  heat  which  a  heating  plate  exposed  to  radiation 
receives  is  approximately  proportional  to  the  difference  between  the 
fourth  powers  of  the  ateolute  temperatures  of  the  hot  parts  of  the 
furnace  and  the  sooted  surface  of  the  boiler  plate.  This  law  of  radia- 
tion is  known  as  the  Stefan  and  Boltzmann  law.* 

About  30  years  ago  Stefan  deduced  this  law  from  experimental 
results,  and  some  years  later  Boltzmann  demonstrated  mathemat- 
ically that,  from  the  principles  of  thermo-dynamics,  the  fourth-power 
law  should  hold  exactly  for  an  ideal  black  body.  Inasmuch  as  the 
sooted  surface  behaves  nearly  like  a  black  body  (within  3  or  4  per 
cent),  the  fourth-power  law  can  be  used  without  any  serious  error  in 

■  For  daUUed  dlacuadon  ol  thla  taw  mm  BuUctbi  I,  artJok  on  Optkri  PrroDMiT,  BuntD  «(  StKtdHdl^ 
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all  radiation  problems  in  connection  with  the  steam  boiler.  The 
radiation  law  is  expressed  by  the  following  equation : 

H-C(T/-T,*),  (2) 

in  which 

H«the  net  heat  exchanged  between  the  hot  and  cold  surface  per 

unit  of  hot  surface  per  unit  of  time, 
T| » the  absolute  temperature  of  the  hot  surface, 
T,»the  absolute  temperature  of  the  cold  surface  which  surrounds 

the  hot  surface,  and 
C«  a  constant  depending  on  the  unit  of  area  and  time,  on  the  unit 
in  which  the  heat  is  measured,  and  on  the  scale  in  which 
the  temperature  is  expressed. 
When  H  is  expressed  in  B.  t.  u.  per  square  foot  of  hot  surface  per 
minute  and  T|  and  T,  are  expressed  in  degrees  Fahrenheit,  then 

C  -  2.66  X 10-"  -  100,000,000,000 

This  constant  is  good  only  when  the  hot  surface  is  completely  sur- 
rounded by  the  cold  surface  or  when  the  conditions  are  such  that  the 
hot  surface  may  not  ''see"  anything  else  but  the  cold  surface.  The 
radiation  from  the  hot  fuel  bed  to  the  surrounding  sheets  of  the  fire 
box  of  a  locomotive  boiler  approaches  this  ideal  condition  very 
dosely.  It  should  be  stated  in  this  connection  that  when  the  tem- 
peratures remain  constant  the  amount  of  heat  received  by  the  boiler 
by  radiation  depends  on  the  extent  or  area  of  the  fuel  bed  and  not  on 
the  area  of  the  boiler's  heating  surface  exposed.^ 

Figure  86  is  a  graphical  representation  of  equation  (2).  Each  of 
the  three  curves  has  been  platted  for  one  value  of  T,,  as  indicated  in  the 
figure.    In  computing  the  values  from  which  the  curves  were  platted, 

C  in  equation  (2)  was  taken  to  equal  i  aa  aaa  aaa  aqa'    The  abscissas 

of  the  figure  are  the  temperatures  of  the  hot  surface,  and  the  ordinates 
give  the  quantity  of  heat  in  B.  t.  u.  per  minute  radiated  by  every  square 
foot  of  the  hot  surface  to  a  surrounding  cold  surface  at  the  tempera- 
tures given  by  the  three  curves. 

To  show  the  significance  of  the  radiation  let  us  use  figure  87  in 
working  out  a  specific  problem. 

Assume  that  a  given  locomotive  boiler  has  a  grate  area  of  40  square 
feet  and  the  temperature  of  the  fuel  bed  is  2,460®  F.,  absolute,  or 
2,000°  F.  on  the  ordinary  scale.  Assume,  further,  that  the  steam 
pressure  and  the  condition  of  the  heating  plate  are  such  that  the  dry 
surface  is  at  1 ,000°  F.,  absolute,  or  540°  F.  on  the  ordinary  scale.  What 
is  the  rate  of  heat  transmission  by  radiation  from  1  square  foot  of  the 

•  For  more  oomptete  diaeuaston  of  the  ladlation  law  as  appUod  to  steam  boilera  see  obapter  on  nidiation  in 
Bareau  of  Hlnes  Bulletin  No.  18.  entitled  *'  Heat  Tiansmiasion  Into  Steam  Boilers. " 
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hot  fuel  bed  1  The  answer  to  this  problem  can  be  obtained  from  the 
figure  in  the  following  way:  Follow  the  vertical  line  of  2,460°  F.  abso- 
lute, the  temperature  of  the  hot  surface,  which  in  this  case  is  the  fuel 
bed,  to  the  intersection  point  with  the  curve  of  constant  temperature 
of  the  Booted  surface  of  1,000°  F.  absolute.  From  this  intersection 
follow  a  horizontal  line  to  the  scale  at  the  left,  which  gives  the  heat 
radiation  per  minute  for  each  square  foot  of  the  fuel  bed  as  960  B.  t.  u. 
Now,  if  one  wishes  to  know  how  many  boiler  horsepower  this  radiation 
represents  he  can  obtain  it  from  the  following  equation : 

I  ^•^•"    965X34.5   =^^-2- 

a  Usually  the  temperature  of 

I;  the  fuel  bed  is  considerably 

!  above  2,000°  F.;  perhaps 
2,400'  F.  is  nearer  to  the 
average  fuel-bed  temperature. 

I  This  value  for  T,  gives  the 

I  radiation  of  each  square  foot 

'  of  fuel  bed  per  minute  as  about 

I  1,800  B.  t.  u.,  or  nearly  twice 

1  as  much  as  when  the  fuel-bed 

I  temperature  is  2,000°  F.     It 

I  is  apparent  from  the  shape  of 

H  the  curves  that  at  high  tem- 

I  peraturee  a  small  rise  in  the 

8  fuel-bed  temperature  greatly 

B  increases  the  quantity  of  heat 

3  radiated  by  the  bed. 

t  The  curves  also  show  that 

B  when  the  temperatures  of  both 

i  of  the  surfaces  increase  the 

g  heat  radiated  from  the  hotsur- 

''           mnunu  or  bm  «ii»«^''r.  unun.  ' *«*  ^  *^»  ^^Id  One  increases, 

Fiouu  ST.— curvM  showing  thaquutity  of  heat  tnns-  even    though    the   difference 

I^'J!!!:^^!'"""™'..''!""'"*^"'""""*™  betweenthetwo  temperatures 

lb«  Oimplstelr  niRxniuda  It.  .  ^ 

remams  constant.  Thus  when 
the  temperature  of  the  cold  surface  is  1,000'  F.,  absolute,  and  that 
of  the  hot  surface  1,400°  F.,  absolute,  the  heat  exchanged  between 
them  ia  about  73  B.  t.  u.  per  minute  per  square  foot  of  hot  surface 
totally  surrounded  by  the  cold  surface.  When  the  temperature  of 
the  cold  surface  is  1,500°  F.  and  that  of  the  hot  one  is  1,900"  F.,  the 
heat  radiated  to  the  colder  surface  is  about  215  B.  t.  u.,  or  about 
three  times  as  much  as  in  the  first  case,  although  the  difference 
between  the  temperatures  of  the  two  surfaces  is  the  same  in  both  cases. 
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This  is  an  important  feature  in  connection  with  the  rate  of  heat 
radiation  and  should  never  be  lost  sight  of  when  insulating  heat  at 
high  temperatures.  .  In  this  respect  the  rate  of  heat  radiation  is  unlike 
the  rate  of  heat  conduction ;  the  heat  conducted  from  one  part  of  a  body 
to  another  part  is  the  same  so  long  as  the  difference  of  temperatures 
18  constant,  no  matter  what  the  temperatures  are.  One  may  draw 
this  general  rule  for  insulating  heat:  When  a  body  is  at  low  tempera- 
ture, as  in  the  case  of  a  refrigerator,  the  heat  of  the  outside  atmos- 
phere is  kept  out  of  the  refrigerator  by  avoiding  conduction  of  heat; 
this  can  be  done  by  putting  air  spaces  in  the  walls  of  the  refrig- 
erator. In  thermos  bottles  this  principle  is  carried  still  further  and 
a  vacuum  space  is  used  instead.  In  these  cases  the  temperatures 
are  low  and  the  heat  radiated  across  is  an  insignificant  quantity. 

When  the  heat  is  at  high  temperature,  as  in  the  case  of  a  furnace, 
the  dissipation  of  the  heat  from  the  furnace  through  the  walls  can 
be  reduced  by  avoiding  radiation;  this  can  be  done  by  building 
solid  waUs  of  nonconducting  materials. 

The  temperature  effect  on  the  rate  of  heat  radiation  is  recognized 
by  the  makers  of  thermos  bottles,  who  advertise  that  cold  liquids 
can  be  kept  cold  72  hours,  while  hot  Uquids  can  be  kept  hot  only 
24  hours. 

When  considering  the  rate  of  heat  radiation  in  coimection  with  the 
furnace  and  boiler,  in  which  case  rapid  transmission  of  heat  is  desir- 
able, high  temperatures  of  fuel  beds  are  advantageous,  as  they 
greatly  increase  the  capacity  of  the  boiler. 

CONVBCTION. 

In  modem  water-tube  boilers  by  far  the  greater  percentage  of  the 
total  heat  absorbed  by  the  boiler  is  imparted  to  its  heating  surfaces 
by  convection.  Furthermore,  the  gases,  as  they  pass  along  the  heat- 
ing surfaces,  are  cooled  by  convection,  and  therefore  the  extent  of  the 
reduction  of  temperature  of  the  gases  before  they  finally  leave  the 
boiler  is  dependent  solely  on  the  activity  of  convection.  It  has 
already  been  shown  in  the  paragraphs  on  the  conduction  of  heat 
that  in  the  problem  of  working  steam  boilers  at  higher  rates  it  is  not 
a  question  of  how  much  heat  can  be  transmitted  through  the  heating 
plate,  but  a  question  of  how  much  heat  can  be  imparted  to  its  dry 
surface.  All  these  facts  make  it  imperative  that  in  designing  steam 
boilers  particular  consideration  should  be  given  to  details  that 
may  improve  the  rate  of  heat  impartation  by  convection.  There- 
fore the  study  of  the  factors  governing  the  rate  of  heat  travel  by 
convection  is  perhaps  the  most  important  part  in  the  general  prob- 
lem of  heat  tranmission  in  steam  boilers. 

Perhaps  Prof.  Osbom  Reynolds  was  the  first  to  publish  the  results 
of  a  study  of  the  law  governing  the  rate  of  heat  tranmission  by  con- 


848  8TBAM1NO  TESTS  OP  COALA. 

vection.  His  results  were  presented  as  a  paper  before  the  literary 
and  Philosophical  Society  of  ifanchester,  England,  in  1874.  This 
paper  was  entirely  overlooked  by  engineers  and  almost  forgotten 
until,  a  few  years  ago.  Prof.  John  Perry  accidentally  came  across  it  and 
realized  its  great  value.  Perry  added  to  the  practical  importance 
of  the  principles  evolved  in  Rq^olds's  paper.  Perry's  work  on  this 
subject  is  published  as  a  part  of  his  book  entitled  ''Steam  Engines, 
and  Gas  and  Oil  Engines." 

The  principle  that  is  brought  out  in  Reynolds's  paper  and  is  the 
foundation  of  the  law  governing  the  rate  of  heat  transmission  by 
convection  may  be  stated,  when  applied  to  steam  boilers,  as  follows: 

The  quantity  of  heat  brought  by  the  gases  to  the  heating  plates 
of  a  boiler,  apart  from  the  effect  of  radiation,  is  proportional  to  the 
rate  at  which  particles  or  molecules  pass  backward  and  forward 
from  the  dry  surface  to  any  given  depth  within  the  stream  of  gas. 

The  rate  of  motion  of  the  particles  of  gases  to  and  from  the  dry 
surface  of  the  plate  depends  on  two  things: 

(a)  The  natural  internal  diffusion  of  the  gas  when  at  rest. 

(b)  The  eddies  caused  by  visible  motion,  which  mixes  the  fluid  and 
continually  brings  fresh  particles  of  the  gas  into  contact  with  the 
dry  surface. 

In  his  paper  Reynolds  expressed  this  law  of  heat  transmission  by 
convection  by  the  equation: 

H  =  A  (T-t)  +  Cffv  (T-<)  (3) 

in  which 

H  =  the  quantity  of  heat  imparted  by  the  gas  to  a  unit  surface 

of  the  metal, 

(T-0  =  the  temperature  difference  between  the  metal  surface  and 

the  gas, 

q  =  the  density  of  gas, 

t;=the  velocity  of  gas  over  the  dry  surface, 

A  and  C  are  constants  depending  on  the  nature  of  the  gas. 

The  first  term  on  the  right  side  of  the  equation  expresses  the  effect 

of  the  natural  diffusion  of  tlie  gas.    The  value  of  this  term  depends 

only  on  the  difference  of  temperature  between  the  gas  and  the  metal. 

The  second  term  expresses  the  effect  of  diffusion  caused  by  the 

motion  of  the  gas.     The  value  of  this  term  depends  on  the  density 

of  the  gas,  the  velocity  of  the  gas,  and  on  the  difference  of  teni> 

perature  between  the  gas  and  the  dry  surface. 

The  validity  of  the  first  term  will  be  perhaps  generally  admitted 

because  it  contains  the  temperature  factor  only.    The  second  term, 

however,  on  account  of  the  density  and  the  velocity  factor  may  need 

some  explanation. 

It  has  been  stated  that  the  rate  of  heat  impartation  by  a  gas  to 

the  dry  surface  of  the  heating  plate  is  directly  proportional  to  the 
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rate  at  which  particles  of  gas  pass  to  and  from  the  surface.  Now, 
the  density  of  gas  is  proportional  to  the  number  of  gas  particles  or 
molecules  in  a  unit  of  volume.  When  there  are  more  particles  of 
gas  in  a  unit  of  volume  next  to  the  metal  surface,  proportionately 
more  gas  particles  or  molecules  come  in  contact  widi  a  unit  of  its 
dry  surface.  At  constant  pressure  the  density  of  the  gas  varies 
inversely  as  the  absolute  temperature;  therefore  as  the  temperature 
of  the  gas  rises  the  gas  expands  and  fewer  of  its  particles  or  molecules 
are  in  action  against  the  dry  surface  in  a  unit  area.  Therefore,  there 
is  a  partial  neutralization  of  the  gain  caused  by  higher  temperature 
difference  between  the  gas  and  the  dry  surface. 

In  considering  the  velocity  factor  a  mental  image  should  be  formed 
of  the  appearance  of  an  intensely  magnified  cross  section  of  the  dry  sur- 
face of  the  plate.  Among  the  tiny  recesses  of  the  layer  of  soot  are 
entangled  particles  or  molecules  of  gas  held  close  together  in  a  dense 
film  by  the  attraction  of  the  solid;  farther  away  from  the  surface 
the  gas  particles  are  wider  apart  and  are  free  to  move.  Now,  gas  is  a 
very  poor  conductor  of  heat,  and  if  its  conduction  were  depended  on, 
the  process  of  transferring  heat  from  the  moving  gas  to  the  adhering 
film  would  be  very  slow.  The  only  quick  way  of  getting  heat  into 
the  adhering  film  is  to  dislodge  the  cold  particles  or  molecules  from 
the  adhering  film  of  gas  next  to  the  soot  coating  and  replace  them 
by  hot  ones  from  the  moving  body  of  hot  gas.  This  exchange  of  the 
cold  gas  particles  by  hot  ones  is  effected  partly  by  the  natural  dif- 
fusion of  the  gas  (first  term  of  equation  (3)),  but  mostly  by  the  eddies 
caused  by  the  motion  of  the  gas  over  the  heating  plates.  The  faster 
the  gas  moves  the  greater  is  the  number  of  its  particles  passing  each 
square  inch  of  the  dry  surface  in  a  unit  of  time,  and  consequently  th^ 
greater  is  the  number  of  the  particles  of  the  moving  gas  penetrating 
into  the  adhering  gas  film  and  replacing  its  cold  gas  particles.  Thus 
the  dislodging  effect  of  these  moving  gas  particles  on  those  of  the 
adhering  film  is  proportional  to  the  velocity  of  the  mass  of  the  gas 
moving  over  the  heating  plate.  It  is  this  dislodgment  that  makes 
a  boiler  respond,  with  reference  to  the  amount  of  steam  made,  to  any 
reasonable  demands  put  on  it. 

The  temperature  factor  (T-^)  is  perhaps  self-evident  and  needs  no 
further  explanation. 

Referring  to  equation  (3)  one  can  see  that  if  the  velocity  of  the  gas 
continues  to  increase  the  second  term  on  the  right  side  of  the  equa- 
tion becomes  so  large  that  in  comparison  with  it  the  first  term  is 
very  small  and  may  be  dropped  out  of  consideration.  Thus  for 
high  velocities  of  the  gas,  equation  (3)  can  be  reduced  to  the  fol- 
lowing form: 

H^Cgt;  CF-t).  (4) 
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This  is  the  same  equation  Perry  derived  mathematically  in  his 
book.* 

The  influence  of  the  velocity  of  gases  on  the  rate  of  heat  absorption 
may  appear  at  first  improbable.  However,  as  high  capacities  of 
all  types  of  boilers  are  obtained  simply  by  burning  more  coal,  which 
means  making  more  hot  gases  and  passing  them  over  the  heating 
plates  at  a  higher  velocity,  it  must  be  admitted  that  such  an  influence 
exists.  Thus,  for  example,  in  locomotive  practice  the  capacity  is 
increased  two  or  three  times  by  doubling  or  tripling  the  rate  of  com- 
bustion and  thereby  doubling  or  tripling  the  velocity  through  the 
boiler  flues.  Of  course,  the  rate  of  heat  absorption  by  the  fire  box 
is  affected  principally  by  the  initial  temperature. 

Equation  (4),  although  not  as  accurate  as  equation  (3)  is  more 
practical  on  account  of  its  simpUcity.  Although  there  are  three 
factors  on  the  right  side  of  the  equation  only  two  of  them  are  inde- 
pendent of  each  other.  These  two  factors  are  the  velocity  and  the 
temperature  difference  (it  has  already  been  stated  that  the  density 
depends  for  its  value  on  the  absolute  temperature  of  the  gases). 
High  temperature  differences  can  be  obtained  by  reducing  the  air 
supply.  However,  as  a  certain  amount  of  air  is  necessary  for  the 
complete  combustion  of  the  fuel,  this  method  of  raising  the  tem- 
perature of  the  products  of  combustion  has  its  limit  which  can  not 
be  exceeded.  Besides,  high  temperatures  decrease  the  density  of 
the  gas,  and  this  fact,  as  already  mentioned,  partly  neutralizes  the  gain 
for  higher  temperature  difference.  On  the  other  hand,  the  velocity 
factor  can  be  increased  almost  without  limit.  This  latter  is  the 
factor  that  in  the  future  will  be  utilized  to  work  steam  boilers  at 
high  capacities. 

EFFECT  OF  AI&  SX7PPLY  ON  THE  TEXPEBATUBB  OF  THE  PBOD- 
XJCTS  OF  COMBXJSTIOH  AND  OH  THE  BATE  OF  HEAT  ABSOBP- 

TION. 

Figure  88  shows  graphically  how  the  air  supply  affects  the  tem- 
perature of  the  products  of  combustion  and  the  rate  of  heat  absorp- 
tion. The  effects  as  given  in  the  plat  are  purely  theoretical.  In 
preparing  this  figure  it  has  been  assimied  that  1  pound  of  carbon  is 
burned  completely  with  an  air  supply  varying  from  the  theoretically 
required  amount  up.  In  the  computation  of  the  temperatures  the 
heat  value  of  1  pound  of  carbon  has  been  taken  as  14,500  B.  t.  u., 
and  the  specific  heat  of  the  products  of  combustion  was  assumed 
constant  at  0.24.  The  upper  curve  should  be  used  with  the  ordi- 
nates  directly  at  the  left  and  the  abscissas  given  at  the  foot  of  the 
chart. 


aAbrtrocts  from  Reynold's  paper  and  lh)m  Perry's  book  wm  be  foi^ 
"Heat  Transmission  into  SteAm  liAiUra  » 
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The  upper  curve  indicates  that  below  about  40  pounds  of  air  supply 
the  temperature  rises  rapidly  with  each  pound  of  reduction  in  the 
air  supply;  above  that  the  air  supply  must  be  reduced  considerably 
to  effect  a  comparatively  small  rise  of  temperature. 

The  lower  ciurve  should  be  used  with  the  ordinates  immediately  at 
the  left  and  the  abscissas  at  the  bottom  of  the  figure.  The  abscissas 
are  the  temperatures  result- 
ing from  burning  1  pound 
of  carbon  with  the  various 
air  supplies  as  given  by  the 
ordinates  of  the  upper  ciurve. 
Tlie  ordinates  of  the  lower 
curve  are  numbers  propor- 
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tional  to  the  heat  imparted '  § 


3    100 


00 


S 


by  convection  to  the  first 
elementary  length  of  the  dry 
smrface  of  the  heating  plate 
along  the  path  of  the  gases. 
The  ordinates  of  the  curve 
are  also  proportional  to  the 
product,  of  the  density  and 
the  volume  of  the  products 
of  combustion,  and  the  dif- 
ference of  temperatures  be- 
tween the  gases  and  the  dry 
surface  of  the  heating  plate. 
In  other  words,  the  ordinates 
are  proportional  to  H  in  equa- 
tion (4).  In  figuring  the 
values  proportional  to  H  the 
volume  of  the  products  of 
combustion  has  been  used  in 
the  equation  in  place  of  the 
velocity,  because  with  any 
given  boiler  the  two  are  pro- 
portional to  each  other. 

The  two  ctirves  should  be 
studied  together  and  are  use- 
ful to  compare  the  probable  rates  of  heat  impartation  when  biu*ning 
coals  with  different  air  supply.  Thus,  when  1  •^oimd  of  carbon  is  burned 
with  39  pounds  of  air  the  resulting  weight  +he  products  of  combus- 
tion is  40  poimds.  In  the  upper  curve  take  the  horizontal  line  of 
40  pounds  and  follow  it  to  its  intersection  with  the  curve,  then  from 
the  intersection  follow  a  vertical  line  to  the  scale  at  the  bottom 
of  the  chart;  this  scale  gives  the  temperature  of  the  products  of 
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FioxTSE  88.— Effect  of  air  supply  on  the  temperature  of  the 
products  of  oombti5tion  and  the  rate  of  heat  absorption. 
Curve  No.  1  shows  how  the  weights  of  gases  resulting  from 
burning  1  pound  of  carbon  with  varying  air  supply  affect 
the  temperature  of  the  products  of  combustion.  Curve 
No.  2  shows  how  the  temperatures  resulting  lh>m  burning 
1  pound  of  carbon  with  varying  air  supply  affect  the  rate 
of  heat  absorption. 
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combustion  as  1  ^800^  F.  If  it  is  desired  to  know  what  quantity  of  heat 
is  imparted  to  the  first  elementary  length  of  the  dry  surface  per  unit 
of  time,  follow  a  horizontal  line  from  the  point  of  intersection  of  the 
temperature  (vertical)  line  and  the  lower  curve  to  the  scale  at  the 
left.  For  the  case  under  consideration  the  number  proportional  to 
the  quantity  of  heat  imparted  to  the  dry  surface  is  5.3.  If  1  pound 
of  carbon  is  burned  with  such  air  supply  that  the  resulting  weight 

of  the  products  of  combustion 
is  24  pounds,  the  temperature 
of  the  gases  is  3,900^  F.  and 
the  number  proportional  to 
the  quantity  of  heat  imparted 
to  the  dry  surface  of  the  heat- 
ing plate  is  shown  to  be  6. 
Although  in  the  latter  case  the 
temperature  is  more  than 
doubled,  the  volume  (density- 
times-velocity  factor  in  equa- 
tion (4))  of  the  gases  is  so  re- 
duced that  only  about  16  per 
cent  more  heat  is  imparted  to 
the  boiler. 

The  curves  of  figure  89  are 
similar  in  character  to  those 
of  figure  88.  The  upper  curve 
perhaps  needs  no  further  ex- 
planation. The  ordinates  of 
the  lower  curve  are  the  prod- 
ucts of  the  density  and  the 
volume/velocity)  of  the  prod- 
ucts of  combustion  and  the 
temperature  difference  be- 
tween the  gases  and  the  dry 

FIGURE  89.^urve  No.  1  shows  the  percentage  of  oxygen  In  SUrfaCS    of    the    boiler    plate. 

the  products  of  combustion  and  the  weights  of  gases  xe-  In  other  WOrds,  the  OrdinateS 
sulUng  from  burning  1  pound  of  carbon  with  different  a(r  xi^     x7-«l„pfl  nf  TT  ni  AniiA- 

supplies.    Curve  No.  2  gives  the  numbers  which  are  pro-  *5      ''"®  ^***^^  ^^  ^^     ^ 

portional  to  the  quantity  of  heat  Imparted  to  the  first  tion   (4)    platted    agaiust    the 

;r^S^K.S'ar:f r»pp;r  "^  '   weight  of  air  supply  used  to 

bum  1  pound  of  carbon.  The 
curve  shows  directly  how  the  air  supply  affects  the  rate  of  heat 
impartation  by  convection  to  the  first  elementary  length  of  dry  sur- 
face. The  reader  is  cautioned  not  to  confuse  this  rate  of  heat  impar- 
tation with  the  total  heat  a  given  boiler  would  absorb;  such  values 
are  given  on  page  356  in  connection  with  figure  91. 

Figure  90  is  a  further  exposition  of  the  three  factors  which  affect 
the  rate  of  heat  impartation  by  convection.     In  this  figure  it  is  shown 
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how  each  of  the  three  factors  is  affected  when  1  pound  of  carhon  is 
burned  with  various  air  supplies.  The  air  suppUe3  are  expressed  as 
percentages  of  the  amount  theoretically  required  to  bum  1  pound  of 
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EXCESS  OF  AIR  ABOVE  THE  THEORETICAI^  AS  A  FEBCENTAGE  OF  THE  THBOBETICAL. 

FiouBB  90.— Curves  showing  the  effect  of  an  exce»  of  air  on:  Total  volume  of  the  products  of  comhus- 
tion  (No.  1);  density  of  the  products  of  combustion  (No.  2);  the  diflerenoo  between  the  temperature  of 
theproduictsof  combustion  and  that  of  the  dry  surfiioe  of  the  boilerplates  (No.  3);  the  product  of  the  above 
three  Items  or  the  rate  of  heat  Impartatlon  by  oonvectton  to  the  first  elementary  length  of  the  dry  sur- 
face (No.  4).  The  figure  Is  based  on  the  computed  results  obtained  ftom  burning  1  pound  of  carbon  with 
TarfcKiB  exawwn  of  air,  the  ezoess  being  expressed  as  a  percentage  of  the  theoretical  amount. 

carbon  completely.  The  lowest  curve  is  the  product  of  the  three 
above  it.  The  ordinates  of  the  lowest  curve  are  numbers  propor- 
tional to  the  rate  of  heat  absorption  by  convection  by  the  first  ele- 
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mentary  length  of  dry  surface;  they  are  not  proportional  to  the  total 
heat  absorbed  by  a  boiler.  Attention  is  called  to  the  fact  that  the  last 
curve  is  a  straight  line.  Although  the  temperature  rises  very  rapidfy 
when  the  excess  of  air  is  reduced  beyond  120  per  cent,  as  diown  by 
curve  No.  3;  the  density  of  the  products  of  combustion,  shown  in 
curve  No.  2  drops  enough  to  neutralize  the  gain  .due  to  high  tem- 
perature and  the  rate  of  heat  absorption  remains  a  straight-line 
function  of  the  excess  of  air. 

Table  21  gives  a  method  of  calculating  the  relative  values  of  the 
three  factors  and  the  rates  of  heat  absorption  by  the  first  elementary 
length  of  dry  surface  of  the  heating  plates.  The  calcidations  are 
made  for  the  combustion  of  1  pound  of  carbon  With  various  excesses 
of  air  as  indicated  in  the  first  horizontal  line  of  the  table.  The 
excess  is  expressed  as  a  percentage  of  the  weight  theoretically  required 
to  bum  1  poimd  of  carbon.  In  figuring  the  temperature  of  the  prod- 
ucts of  combustion  the  specific  heat  of  gases  was  taken  constant  at  0.237. 

The  curves  of  figure  89  were  obtained  by  platting  the  proper  values 
of  Table  21. 

Table  21. — Method  of  calculating  relative  rates  of  heat  absorption  by  a  hypothetical  boiler. 


1.  Excess  of  air  (percent) 

2.  Pounds  of  Os  per  pound  of  carbon 

3.  Pounds  of  air  per  pound  of  carbon  (4  parts 

N,lpart0) 

4.  Spedflc  boat  of  products  of  combustion  at 

constant  pressure 

6.  Temperature  rise  due  to  combustion  »CF.) 

6.  Temperature  rise+50  6  (•F.) 

7.  Absolute  temperature  of  combustion  (*F.). 

8.  Relative  volume  of  unit  mass  of  gases  at 

absolute    temperature    of   combustion 
when  volume  at  461**  F.  absolute— 1 

9.  Relative  total  volumes  of  products  of  com- 

bustion, each  at  its  flmu  temperature  of 

combustion  e 

Elevation  of  temperature  of  combustion  above 
steam  temperature— 
10.  At  320®  F.,  75  pounds  on  gage  (*F0 . . .  ■ 
U.  At  390*  F.,  205  pounds  on  gage("F.)-.- 

12.  Density  of  products  of  combustion,  each  at 

its  final  temperature  of  combustion  when 
density  at  320*F.-»lrf 

13.  H« 


a  SSTOjO.  2370|a  2870|Ol  2370ia  2870ia  2370|a  2370^1 237D|a  2370 

270 
320 

7S1 


0 
2.67 

13.33 


4,299 
4,349 
4,810 


10.43 


139.1 


4,029 
3,959 


a  1624 
9101 


25 
8L83 

16.67 


3,486 
3,536 
3,997 


&67 


144.5 


3,216 
3,146 


a  1956  a 
909 


50 
400 

20lOO 


-2,933 
2,963 
8,444 


7.47 


140.4 


75 

4.67 

28.38 


2,53: 


100 
5.83 

26.67 


2,226 


2,582   2,276 
3,043  2,737 


6.60     5.04 


154.0  158.8 


2,26S 
2,19S 


1,956 
1,886 


Ia2567a2853ia 
8M      888 


150 
6l67 

33.33 


1,794 
1,844 
2,805 


5.00 


166.65 


1,524 
1,454 


200 
8.00 

4a  00 


300 
ia67 


1,503 
1,553 
2,014 


4.37 


1,233 
1,163 


3388a%mtjO. 
861;      836 


53.33227.15 


1,134 
1,184 
1,645 


a57 


174.8  19a  3 


864 
794 


1.4748 
781 


1.604 
45.43 


1.G9 


381.8 


0 
0 


1 
0 


14  600 

a  Equals  c    (pounds  of  air+1)  ^^^^'^  ^P  ^  ^®  specific  heat  of  the  gas  at  constant  pressure. 

b  Atmospheric  temperature—50*'  F. 

e  Equals  item  3  X  item  8. 

d  This  density  refers  to  number  of  molecules  in  a  unit  volume  and  not  to  their  composition. 

«  JI  is  merely  a  number  proportional  to  the  heat  absorbed.  It  equals  item  0  X  item  10  X  item  H, 

TOTAL  HBAT  IMPABTBD  BY  CONVECTIOK  ALOKQ  THE 

LENGTH  OF  THE  PATH  OF  GASES. 

So  far  the  effect  of  air  supply  on  the  rate  of  heat  impartation  to 
the  first  elementary  length  of  dry  surface  along  the  path  of  the  gases 
has  been  considered.  As  the  gases  flow  over  the  dry  siu^ace  and 
impart  heat  to  it  their  temperature  gradually  drops,  their  density 
increases,  and  their  velocity  decreases  if  the  cross-section  of  the  gas 
passage  remains  the  same.  The  change  in  these  three  factors  con- 
tinually changes  the  rate  of  heat  impartation  to  the  plates  of  the 
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boiler.  If  one  wishes  to  compute  the  total  heat  imparted  to  the  dry 
surface  of  the  entire  length  of  the  gas  path,  equation  (4),  H==Cgv(T-0, 
can  be  apphed  successively  to  small  lengths  of  the  diy  surface 
along  the  the  path  of  the  gases.  These  lengths  should  be  of  such 
magnitude  that  the  variation  of  the  three  factors  within  these  small 
lengths  would  be  small  and  could  be  neglected.  The  portions  of  heat 
absorbed  by  each  small  length  of  the  dry  surface  can  be  added  and  the 
total  heat  imparted  to  the  heating  plates  of  the  boiler  thus  obtained. 
To  illustrate  this  method  let  a  specific  example  be  used. 

Assume  a  given  boiler  consists  of  a  single  flue  0.1  foot  in  diameter 
and  10  feet  long,  and  is  operated  at  a  steam  pressure  corresponding 
to  a  steam  temperature  of  320®  F.  This  boiler  is  fed  with  the  prod- 
ucts of  combustion  resulting  from  burning  1  pound  of  carbon  per 
hour  with  a  25  per  cent  excess  of  air.  These  conditions  are  the  same 
as  those  given  in  the  second  vertical  column  of  figures  in  Table  21. 
The  value  of  B  in  equation  (4)  can  be  assumed  as  0.127,  this  value, 
when  used  with  relative  velocities  and  the  relative  density  of  the 
products  of  combustion,  and  when  the  unit  of  surface  is  expressed  in 
square  feet,  will  agree  fairly  well  with  the  actual  results.  Let  the 
length  of  the  flue  be  divided  into  twenty  parts  each  0.5  foot  long 
and  having  0.157  square  foot  of  area.  In  this  calculation  let  the 
specific  heat  be  0.237  and  constant  for  all  temperatures. 

Thus,  from  Table  21  there  is  obtained 

(T-«)  =  3,216,        2=0.1956,        v=  144.5. 

Then  the  heat  imparted  per  hour  to  the  first  length  of  the  tube  is 

H  =  0.127  X  0.157  X  3,216  X  0.1956  X  144.5  =  1,812  B.t.u. 

The  absorption  of  the  above  quantity  of  heat  from  the  gases 
reduces  their  temperature  by 

^>812  .     o  pi 

17.67X0.237     ^"^"^   ^' 

The  three  factors  at  the  entrance  to  the  second  0.5-foot  length  of 
the  flue  are 

(T-0  =  3,216- 433  =  2,783®  F. 

a-O  1  956 X  ^^'^^^-t^^^^ -  2194 
j-0.l,y5t>  X  ^2,783 +  780)  " -"^^^^ 

t;-I44.6X(3  2ig^7g0)-1^8.8 

In  the  last  two  equations  the  absolute  temperature  of  the  gases 
is  obtained  by  adding  to  the  factor  (T  —  t)  the  absolute  temperature 
of  steam,  which  is  780°  F. 

The  heat  imparted  to  the  second  portion  of  the  length  of  the  flue  is 

H  =  0.127x0.157x2,782x0.1956x(|y|J^^^^^ 

^/2,783-f-780\     ,  ««Q  -D    . 
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It  will  be  seen  that  the  two  factors  in  parentheses,  being  reciprocals, 
drop  out  and  the  heat  imparted  to  any  0.5-foot  length  of  the  tube 
will  be  proportional  to  the  factor  (T — t)  alone. 

In  Table  22  are  given  the  three  factors  at  the  entrance  of  the  gases 
to  each  0.5-foot  length  of  the  tube,  and  the  quantity  of  heat  absorbed 
by  each  length,  the  values  having  been  computed  as  outlined  above. 

Figure  91  shows  graphically  how  the  three  factors  vary  with  the 
length  of  the  tube.  The  curves  have  been  platted  from  the  values 
in  Table  22. 

Table  22.— Heat  importation  along  a  hypothetical  boiler  tube,  by  sections. 


Ha!f4oot  seetioiis. 


Dtfleranos 

intempen- 

tuiBoisas 

andbottBT 

CF.). 


tirrt.... 
Socood.. 

Thlid... 

Fourth. 

Fifth... 

Sixth... 

Seventh. 

Eighth.. 

Ninth... 


Tenth 

Eleventh . . . 

Twelfth 

Thirteenth.. 
Fourteenth . 
Fifteenth... 
Sixteenth... 
Seventeenth . 
Kif^hteenth.. 
Nineteenth . . 
Twentieth.. 


8,316 

3,788 

3,406 

3,064 

1.804 

1,561 

1,851 

1,100 

1,013 

876 

768 

656 

568 

483 

436 


Total  for  10  feet 

Final  temperature  above  steam  (*F.) . 


310 
276 


307 


179 


XUbtivs 

Telodtj. 


144.5 
138.8 
115.3 
108.6 
93.5 
84.7 
77.1 
70.5 
64.8 
60.0 
55.6 
61.9 
4&7 
46.0 
43.6 
41.5 
30.7 
38.1 
86.8 
35.6 


Rehttve 
density. 


.1966 
.3194 
.3461 
.2738 
.3024 
.8338 
.3667 
.4009 


.4718 
.6080 
.5441 
.5796 
.6143 
.6478 
.6799 
.7106 
.7307 
.7666 
.7915 


Partial 
heat  fan- 
parted  to 

DflatlDn; 
plate  per 

boar. 
H-Co». 

(T-Z). 


1.813 
1,668 
1,356 
1,174 
1,017 


762 
659 
S70 
404 

437 


320 
377 
240 


179 
155 
134 
116 


13,717 


The  arithmetical  method  of  finding  the  temperature  drop  along  any 
part  of  the  gas  path  is  slow  and  laborious.  More  accurate  results 
can  be  obtained  with  less  labor  by  the  use  of  calculus.  This  can  be 
done  as  follows: 

In  the  equation 

H-Cjt?  (T-<)  (4) 

Let  (T-0  =  ^ 

Inasmuch  as  q  varies  inversely  and  v  directly  as  the  absolute 
temperature  of  the  gases,  both  can  be  expressed  as  functions  of  the 
temperature,  thus: 

.    C' 

v-C'T 
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where  T»  absolute  temperature  of  the  gases  and  C  and  C  are 
oonstaats.    The  velocity  varies  also  directly  as  the  quantity  or  the 
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FiauBx  91.— Curret  showing  rate  of  fanpartatton  of  heat  by  conTectioD  to  a  boiler  flue  10  feet  long  and 

0.1  foot  In  diameter. 

weight  of  the  gases  and  inversely  as  the  cross-sectional  area  of  the 
gas  passage.    For  cylindrical  passages  the  velocity  varies  as  the 
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square  of  the  diameter.  Therefore  if  M  is  the  weight  of  gases  passing 
through  the  passage  per  second,  and  D  is  the  diameter  of  the  passage, 
the  velocity  is  expressed  by  the  equation 

in  which  K  is  a  new  constant. 
Equation  (4)  then  reduces  to 

XT     CMd 

Hence  in  a  short  length  <Zx  of  a  cylindrical  gas  passage  the  heat 
transmitted  to  the  boiler  is 

or,  do        Idx  (5) 

C,  a  and  h  are  different  constants,  each  successive  one  combining 
two  or  three  others  during  the  course  of  transformations.  The 
symbol  Cp  stands  for  specific  heat  of  gas  at  constant  pressure. 

Integrating  equation  (5),  one  has 

log^=-g+K. 

where  K  is  a  constant  of  integration. 
When  x  =  O,         K  =  logA 

When  X  =  Z,        log,^,  =  ?^ + log  A 

d.  el 

Therefore,  0^  =  O^e-i  (6) 

In  equation  (6)  0^  is  the  elevation  of  the  temperature  of  the  gases 
at  any  point  I  in  the  cylindrical  gas  passage  above  the  temperature 
of  the  dry  surface,  0^  is  the  initial  temperature  elevation  of  the 
gases  when  they  enter  the  flue,  e  is  the  base  of  the  natural  logarithm 
system  and  is  equal  to  2.718,  c  is  a  constant  depending  on  the  design 
and  the  condition  of  the  boiler,  I  is  any  point  along  the  length  of 
the  flue,  and  D  is  the  diameter  of  the  flue.  With  any  one  given 
boiler  c  would  have  to  be  determined  experimentally.  With  c 
once  determined  the  temperature  of  the  gases  at  any  point  of  the 
flue  can  be  computed  by  substituting  the  distance  of  the  point  from 
the  entrance  end  of  the  flue  for  I  in  equation  (6). 
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According  to  equation  (6)  the  heat  imparted  to  the  dry  surface 
of  the  flue  is 

and  the  heat  available  for  absorption  is 

CpM^o. 
Therefore  the  true  efficiency  of  the  boiler  is 

E  =  1-6"S  (7) 

Equation  (7)  states  that  the  true  boiler  efficiency  is  independent 
of  the  initial  temperature,  and  independent  of  the  weight  of  gases  pass- 
ing through,  increases  when  the  length  of  the  gas  path  increases, 
and  decreases  when  the  diameter  of  the  flue  increases.  It  should 
be  remembered  that  equation  (4),  from  which  equation  (7)  has  been 
derived,  is  only  an  approximate  one,  and  that  there  are  modifying 
factors  entering  into  the  process  of  heat  transfer  from  the  gases  to 
the  metal  plate.  On  the  whole,  however,  when  the  velocity  of 
the  gases  is  fairly  high  equation  (7)  comes  very  near  to  the  actual 
facts  for  a  considerable  range  of  the  velocity. 

The  results  of  the  laboratory  experiments  made  on  small  multi- 
tubular boilers  and  outlined  in  the  preceding  section  of  this  bulletin 
show  that  as  far  as  heat  impartation  by  convection  is  concerned 
the  true  boiler  efficiency  is  independent  of  the  initial  temperature 
of  the  gases.  The  experiments  further  show  that  the  true  boiler 
efficiency  is  nearly  independent  of  the  weight  of  gases  passing 
through  the  boiler.  The  last  statement  has  been  found  true  also 
in  tests  made  with  a  torpedo-boat  boiler,  the  results  of  which  are 
given  in  the  preceding  chapter.  Figure  92  shows  that  the  true  boiler 
efficiency  obtained  on  the  tests  just  referred  to  is  constant  within 
about  4  per  cent,  although  the  weight  of  the  gases  passing  through 
the  boiler  is  more  than  tripled.  The  true  boiler  efficiency  has  been 
computed  from  the  furnace  temperature,  the  flue-gas  temperature, 
and  the  temperature  of  the  steam  in  the  boiler,  according  to  the  fol- 
lowing equation : 

True  boiler  efficiency = 

temperature  in  furnace  —  temperature  of  flue  gases 
temperature  in  furnace  —  temperature  of  steam. 

In  the  figure  the  true  boiler  efficiency  is  platted  against  the  weight 
of  the  coal  fired  per  hour  per  square  foot  of  grate  area.     This  item 
has  been  taken  because  it  is  directly  proportional  to  the  weight  of 
gases  passing  through  the  boiler. 
99133*'— Bull.  23—12 2i 
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That  long  gas  passages  are  more  efficient  than  short  ones  of  the 
same  cross  section  will  perhaps  be  generally  admitted.  Often  the 
gas  passages  in  commercial  boilers  can  be  lengthened  by  baffling  the 
boiler  in  such  a  way  that  the  heating  plates  are  put  in  series  with 
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FiQOBE  92.— Carve  showing  Che  relation  of  trne  boOer  efBdeaur  to  the  weic^tof  dijooal  fired  per  hoor 
per  square  iDot  of  grate  area.  TestsmadeonNonnandboUeroftheU.  8.  torpedo  l)oatBMAa.  Hollow 
cireles  represent  tests  made  with  ron-ol-mkie  ooal;  round  dots  represent  tests  made  with  small  briquets; 
rectangular  dot  represents  test  made  with  large  briquets. 

each  other  with  respect  to  the  gas  path.  A  more  detailed  discussion  of 
this  feature  is  given  in  Bureau  of  Mines  Bulletin  No.  18,  entitled  *^  Heat 
Transmission  into  Steam  Boilers"  (now  in  course  of  publication.) 

The  fact  that  gas  passages  of  smaller  cross  section  are  more  effi- 
cient than  larger  ones  of  the  same  length  may  perhaps  be  doubted 

on  the  ground  that  the  larger 
gas  passage  contains  more 
heating  surface.  The  feature 
that  makes  the  small  gas 
passages  more  efficient  than 
the  larger  ones  is  the  fact 
that  in  the  case  of  small 
gas  passages  the  heat-giving 
medium,  the  gas,  and  the 
heat-receiving  medium  are 
brought  closer  together,  and 
consequently  the  path  of  the 
heat  is  shorter  and  the  ex- 
change of  heat  takes  place 
in  proportionately  less  time. 
The  foUowing  illustration 
may  be  useful  in  making  clear 
the  above  explanation. 

In  figure  92  are  shown  the 
cross  section  of  two  groups 
of  boiler  tubes .  In  the  lower 
group  all  the  dimensions  are 
exactly  one-fourth  of  the  upper  group.  The  heat  travels  from  the  gas 
outside  the  tubes  into  the  water  on  the  inside  of  the  tubes.  The  longest 
path  for  the  heat  to  travel  is  from  the  center  of  the  gas  space  to  the  cen- 
ter of  the  tubes,  or  from  A  to  B.    The  shortest  path  is  from  the  dry 


FiQXTBB  03.~Diagnm  showing  thearerage  distance  of  heat 
tnyel  in  two  sets  of  boiler  tubes  of  dlflcnnt  else. 
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surface  of  the  tube  to  the  wet  surface,  or  from  C  to  D.  The  average 
length  of  the  heat  path  is  approximately  from  E  to  F.  Now^  it  is 
easy  to  see  that  this  average  length  of  the  heat  path  is  much  shorter 
(only  one-fourth  as  long)  in  the  small  tubes  than  in  the  large  ones. 
It  seems  strange  that  in  the  past  boiler  men  have  been  considering 
only  a  part  of  this  heat  path,  that  through  the  metal,  which  was  the 
easiest  part  of  the  path,  while  the  most  tortuous  part,  that  through 
the  gas  itself,  was  dways  neglected.  The  axiom  in  designing  efficient 
boilers  is  to  bring  the  gas  and  the  water  as  close  together  as  prac- 
ticable, above  all,  to  reduce  the  path  through  the  gas.  An  ideal  case 
for  rapid  heat  transmission  would  be  to  bubble  the  hot  gas  through 
the  water  in  veiy  fine  jets ;  in  such  a  case  the  heat  would  be  exchanged 
almost  inmiediately. 

PRINCIPIjES  INVOIiVED  IN  THE  MOVEMENT   OF  GASES 
THROUGH  STEAM-GENERATING  APPARATUS. 

The  movement  of  gases  through  the  steam-generating  apparatus 
is  an  essential  factor  in  the  production  of  steam.  The  air  is  caused  to 
flow  into  the  furnace  through  the  grate  and  through  the  openings  in 
the  fire  doors.  This  movement  of  the  air  brings  to  the  burning  fuel 
the  oxygen  necessary  for  the  combustion.  The  gaseous  products  of 
combustion  absorb  the  heat  that  is  developed  by  the  burning  of  the 
fuel  and  carry  it  to  the  heating  plates  of  the  boiler.  After  the  boiler 
has  absorbed  most  of  the  heat  from  the  gas  the  latter  flows  out 
through  the  stack.  Thus  the  movement  of  the  gases  serves  as  a 
conveyer  which  supplies  the  fuel  with  the  oxygen  and  carries  the 
heat  developed  by  the  combustion  to  the  heating  surfaces  of  the 
boiler.  After  most  of  the  heat  has  been  absorbed  the  products  of 
combustion  are  ejected  through  the  stack. 

Oas  flows  only  from  a  place  of  higher  pressure  to  a  place  of  lower 
pressure,  just  as  water  flows  from  a  place  of  higher  level  to  a  place 
of  lower  level.  In  the  case  of  the  steam-generating  apparatus  the 
gas  flows  through  the  furnace  and  boiler  into  the  stack  because 
the  pressure  in  the  stack  is  lower  than  that  of  the  outside  atmosphere. 
It  takes  its  course  through  the  furnace  and  the  boiler  because  every 
other  passage  is  usually  prevented.  The  pressure  in  the  stack  can 
be  reduced  either  by  the  use  of  a  high  stack  or  by  an  exhaust  fan. 
The  latter  method  of  producing  pressure  difference  is  known  as 
induced  draft;  it  is  used  in  most  of  the  large  power-plant  installar 
tions.  The  same  movement  of  gases  can  be  obtained  if  the  pressure 
at  the  base  of  the  stack  is  maintained  at  atmospheric  pressure,  and 
the  pressure  under  the  grate  or  in  the  firing  room  is  raised  above 
that  of  the  atmosphere.  This  method  of  producing  pressure  differ- 
ence is  known  as  forced  draft,  and  is  largdy  employed  in  the  boiler 
plants  of  steamships.    There  is  no  fundamental  difference  between 
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the  induced  and  the  forced  draft.  In  any  case  when  the  tempera- 
ture and  the  resistance  to  the  passage  of  the  gases  remain  constant 
the  velocity  of  the  flow  depends  on  the  difference  of  the  pressure 
at  the  front  of  the  boiler  and  the  base  of  the  stack.  There  is  no 
pulling  or  suction  in  the  movement  of  gases^  only  pushing.  If  one 
stops  to  think  that  gas  is  a  discontinuous  substance  he  will  admit 
this  fact.  To  claim  that  the  chimney  or  the  exhaust  fan  pulls  or 
sucks  the  gases  out  of  the  boiler  setting  would  be  as  sensible  as  to 
claim  that  in  the  case  of  a  condensing  steam  engine  the  condenser 
sucks  the  piston  through  the  latter  part  of  the  stroke. 

The  high  chimney  is  the  most  common  means  of  producing  differ- 
ence in  pressures.  The  reduction  in  pressiu'e  at  the  base  of  the  stack 
depends  on  the  height  of  the  latter  and  on  the  temperature  difference 
of  the  column  of  gases  inside  of  the  stack  and  a  column  of  outside  air 
of  the  same  dimensions.  It  is  due  to  the  fact  that  gases  expand 
when  heatedy  in  consequence  of  which  the  chimney  contains  a  smaller 
weight  of  gases  than  a  similar  column  of  air  at  outside  temperature. 
The  column  of  hot  gases  inside  of  the  chinmey  presses  by  its  weight 
against  the  gases  in  the  uptake  of  the  boiler  settings  and  a  column  of 
air  of  the  same  dimensions  and  at  atmospheric  temperature  presses 
with  its  weight  against  the  gases  in  the  ash  pit  and  the  furnace.  As 
a  result  of  this  difference  of  pressure  the  outside  air  pushes  the  fur- 
nace gases  into  the  chimney  and  through  it  into  the  open  air.  Thus 
the  heat  left  in  the  escaping  gases  is  not  entirely  wasted,  as  part  of 
it  is  utiUzed  in  keeping  up  the  continuous  current  of  gases  flowing 
through  the  furnace  and  boiler.  However,  the  part  of  the  waste 
heat  thus  utilized  is  only  about  4  per  cent  of  the  total  heat  rejected 
through  the  stack. 

With  an  exhaust  fan  between  the  uptake  and  the  stack,  the  pressure 
anywhere  in  the  boiler  setting  is  below  that  of  the  atmosphere  and 
is  lowest  at  the  edges  of  the  blades  next  to  the  shaft.  With  a  pressure 
fan  appUed  to  the  ash  pit  or  fire  room  the  pressure  under  the  grate 
or  in  the  fire  room  is  always  above  that  of  the  atmosphere.  At  the 
top  of  the  stack  the  pressure  is  always  about  equal  to  that  of  the 
atmosphere  at  that  elevation.  At  the  base  of  the  stack  the  pressure 
is  sometimes  above  and  sometimes  below  the  atmospheric  pressure 
at  that  particular  elevation,  but  it  is  always  higher  than  the  pressure 
at  the  top  of  the  stack.  The  atmospheric  pressure  at  the  base  of  the 
stack  is  higher  than  that  at  the  top  of  the  stack  by  the  weight  of  an 
air  column  equal  in  height  to  the  chimney. 

In  practice  the  pressures  of  the  gases  in  the  various  parts  of  a 
boiler  setting  are  measured  with  instruments  called  draft  gages. 
The  pressures  are  usually  expressed  in  inches  of  water.  One  inch  of 
water  means  a  pressure  sufficient  to  support  a  column  of  water  1  inch 
high.  The  zero  points  are,  or  should  be,  the  atmospheric  pressure 
at  the  elevation  of  the  boiler  room. 
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The  pressure  drops  gradually  along  the  path  of  the  gases  from  the 
ash  pit  to  the  uptake.  The  pressure  drop  from  one  pomt  of  the 
boiler  setting  to  another  varies  with  the  resistance  that  the  part  of 
the  path  between  the  two  points  offers  to  the  flow  of  gas.  In  the 
present  state  of  meager  knowledge  of  this  resistance  and  in  entire 
absence  of  adequate  definition  of  a  unit  of  this  resistance^  a  state- 
ment of  the  exact  relation  between  the  pressure  drop  and  the  resist- 
ance can  not  be  made.  It  can  only  be  said  that  a  high  pressure  drop 
from  the  ash  pit  to  the  fiunace  means  a  high  resistance  of  the  fuel 
bed;  or  a  high  pressure  drop  from  the  furnace  to  the  uptake  signifies 
that  the  gases  meet  high  resistance  when  passing  through  the  boiler. 
This  law,  which  in  some  respects  is  similar  to  Ohm's  law  as  appUed 
to  problems  involving  electrical  resistance  of  conductors,  may  be 
stated  as  follows: 

(a)  If  the  total  pressure  drop  from  the  ash  pit  to  the  uptake  remains 
constant,  the  pressure  drop  through  any  portion  of  the  gas  path 
varies  with  the  resistance  to  the  flow  of  the  gases,  although  the  relation 
may  not  be  a  simple  proportion.  Thus,  suppose  the  total  pressiu'e 
drop  is  1  inch  of  water  and  the  drop  through  the  fuel  bed  is  0.5  inch, 
if  the  total  pressiu'e  drop  is  kept  the  same  but  the  resistance  through 
the  fuel  bed  is  increased  by  doubling  its  thickness,  the  pressure  drop 
through  the  fuel  bed  will  increase  to  about  0.66  inch  of  water;  or,  if 
for  the  same  total  drop  the  resistance  of  the  fuel  bed  is  increased  by 
quadrupling  the  thickness,  the  pressure  drop  through  the  fuel  bed 
will  increase  to  about  0.8  inch  of  water.** 

(h)  When  the  resistance  through  any  portion  of  the  gas  path 
remains  constant,  the  weight  of  gas  passing  through  this  portion 
is  approximately  proportional  to  the  square  root  of  the  pressure 
drops  through  this  portion,  provided  that  the  temperature  remains 
nearly  constant. 

With  any  one  boiler  the  resistance  to  the  flow  of  gas  from  over  the 
fire  to  the  uptake  is  very  nearly  constant,  so  that  one  may  say  that 
the  weight  of  gases  passing  through  the  boiler  setting  is  approxi- 
mately proportional  to  the  square  root  of  the  pressure  drop  from  over 
the  fire  to  the  uptake.  For  example,  if  in  case  (A)  the  pressure  drop 
from  the  furnace  to  the  uptake  is  0.25  inch,  in  case  (B)  1.0  inch  and  in 
case  (C)  4.0  inches  of  water,  the  weight  of  gases  passing  through  the 

boiler  in  the  three  cases  will  be  proportional  to  ^0.25  =  0.5,  -^1^0  =  1, 
and  -^^^^2^  respectively;  that  is,  in  case  (B)  the  weight  of  gases 
passing  through  the  boiler  will  be  twice  that  in  case  (A)  and  one-half 
of  that  in  case  (C).  Of  course  this  is  approximately  tr^ie  only  if  the 
temperature  of  the  gases  remains  about  the  same. 

a  The  values  0.66  and  0.8  an  obtained  by  deduotton  from  experiments  with  shot,  described  In  Bureau 
or  Mfaifls  Bulletin  2L 
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Ordinarily  the  resistlmce  of  the  fuel  bed,  particularly  in  the  case 
of  a  hand-fired  furnace,  may  vary  considerably  in  a  short  interval 
of  time,  and  as  stated  under  (a)  the  pressure  drop  through  the  fuel 
bed  varies  correspondingly.  Therefore,  an  increased  weight  of  gas 
flowing  through  the  fires  and  an  increase  in  the  rate  of  combustion 
wiU  not  generally  follow  an  increase  in  the  pressure  drop  through  the 
fuel  bed.  On  the  contrary,  the  weight  of  gases  and  the  rate  of  com- 
bustion may  decrease  on  account  of  the  increased  resistance  in  the 
fuel  bed.  The  causes  of  increased  resistance  in  the  fuel  bed  may  be 
fine  coal«  accumulated  clinker,  or  fused  coal. 

(c)  If  the  resistence  to  the  flow  of  gases  remains  constant,  the 
pressure  drop  through  any  portion  of  the  path  of  gases  will  have  a 
constant  ratio  to  the  total  drop  from  ash  pit  to  uptake.  Thus,  for 
example,  if  the  pressure  drop  from  over  the  fuel  bed  to  the  uptake  is 
0.5  inch  of  water  when  the  total  pressure  drop  from  ash  pit  to  uptake 
is  1  inch,  it  will  be  1  inch  if  the  total  drop  is  increased  to  2  inches, 
and  2  inches  if  the  total  drop  is  increased  to  4  inches  of  water. 

(d)  If  the  fuel  bed  is  doubled  in  thickness,  its  resistance  to  the 
flow  of  gas  is  Increased  in  such  a  way  that  to  force  the  same  weight 
of  gas  through  it  the  pressure  drop  must  be  doubled;  or,  if  the  thick- 
ness of  the  fuel  bed  is  quadrupled  the  pressure  drop  must  be  about 
quadrupled  in  order  that  the  same  weight  of  gas  be  pushed  through  as 
with  the  single  thickness.  Of  course  this  law  assumes  that  other 
conditions  of  the  fuel  bed  as  well  as  the  temperature  remain  constant. 
Similarly  if  the  length  of  the  gas  path  through  the  boiler  is  doubled 
(without  making  any  changes  in  its  cross  section  or  increasing  the 
bends  beyond  a  proportionate  number)  the  pressure  drop  through  it 
must  be  doubled  if  the  same  weight  of  gas  is  to  be  forced  through;  or 
if  the  length  is  quadrupled  the  pressure  must  also  be  quadrupled  to 
pass  as  much  gas  through  as  with  the  single  length.  The  condition  of 
this  law  is  that  the  cross-sectional  area  be  not  changed  nor  the  num- 
ber of  bends  in  the  gas  path  be  increased  beyond  the  proportionate 
number.** 

This  is  an  important  law,  and  should  be  given  full  consideration  in 
cases  where  change  in  baffling  is  contemplated  or  where  it  is  desired 
to  increase  the  rate  of  combustion  without  means  to  increase  the 
total  pressure  drop.  Thus  suppose  in  a  plant  where  the  total  pressure 
drop  available  is  1  inch  of  water,  the  thickness  of  fuel  bed  at  100  per 
cent  capacity  is  12  inches.  Suppose  that  with  this  thickness  of  fuel 
bed  the  pressure  drop  through  the  bed  is  0.6  inch  and  through  the 
boiler  proper  0.4  inch.  Suppose  further  that  it  is  required  to  increase 
the  capacity  by  25  per  cent  and  the  total  pressiu'e  drop  can  not  be 
increased.    This  condition  requires  that  the  rate  of  combustion  and 

a  These  laws  are  deduced  fh>m  experiments  wJth  shot  and  wHh  small  multitubular  boDen.  Detaib 
of  these  experiments  are  found  in  Bulletin  31  of  the  Bureau  of  Mines;  alao  in  Bulletin  18,  now  In  oonrse 
of  publication. 
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the  weight  of  gases  pushed  through  the  furnace  and  boiler  be  increased 
by  25  per  cent.  To  push  through  this  increased  weight  of  gas,  the 
resistance  to  its  flow  must  be  reduced,  which  must  be  accomplished 
by  reducing  the  thickness  of  the  fuel  bed.  The  resistance  through  the 
boiler  proper  can  not  be  varied  without  radical  changes  in  the  boiler 
setting.  To  push  25  per  cent  more  gas  through  the  boiler  proper 
requires,  according  to  the  law  under  (b),  1.25'  times  greater  pressure 
drop  than  at  normal  capacity.  Therefore  the  pressure  drop  from  over 
the  fuel  bed  to  the  uptake  must  be 

1.25' X  0.4  =  0.6  (nearly). 

The  available  pressure  drop  through  the  fuel  bed  is  then  1  —  0.6=0.4 
inches  of  water.  To  push  25  per  cent  more  gas  through  the  fuel  bed 
with  0.4  inch  of  pressure  drop,  the  thickness  must  be  reduced  to 

12X0.4       «  -  .    V 

5.1  mches. 


0.6X1.25' 


The  above  example  is  presented  to  illustrate  the  principle  and  to 
show  what  reduction  of  the  thickness  of  fuel  bed  may  bring  about. 
Some  firemen  have  the  idea  that  to  reduce  the  air  supply  they  must 
carry  a  heavy  fuel  bed.  This  is  wrong.  The  gas  analyses  given  in 
Table  7  and  the  discussion  in  connection  with  it  show  that  very  httle 
free  oxygen  passes  through  the  fuel  bed.  Large  excesses  of  air  usually 
enter  the  furnace  through  holes  in  the  fuel  bed,  through  the  furnace 
doors,  and  through  leaks  in  the  setting. 

The  law  xmder  (d)  may  be  useful  in  predetermining  the  efiFect  upon 
the  rate  of  combustion  when  increasing  the  length  of  the  path  of 
gases  over  the  heating  plates  of  a  boiler  and  of  making  other  changes 
in  the  arrangement  of  the  heating  plate  of  a  boiler. 

The  reader  should  bear  in  mind  that  all  of  the  four  laws  are  true  at 
constant  temperature.  When  the  temperatm:e  changes,  some  slight 
modifications  are  necessary. 

THE  WOBK  DONB  BY  PXT8HINO  GASES  THBOVQM  THB  FUBKAOB 

AND  BOIIJSB. 

The  work  done  by  pushing  the  gases  through  the  steam-generating 
apparatus  is  equal  to  the  volume  of  gas  displaced  times  the  pressure 
against  which  the  volimie  of  gas  is  displaced.  If  the^  volume  is 
expressed  in  cubic  feet  per  second  and  the  pressure  in  pounds  per 
square  foot,  the  product  is  the  work  done  per  second  in  foot-poimds 
(the  volimie  of  the  gas  should  always  be  reduced  to  atmospheric 
temperature). 

The  following  example  shows  a  method  of  computing  the  work 
done  in  pushing  the  gases  through  a  boiler  setting: 


S66  6TfiAMlN0  1?ESfS  0^  COALS. 

A  battery  of  boilers  developing  1,000  boiler  horsepower  bums  4,000 
pounds  of  coal  per  hour  with  the  average  air  supply  of  15  pounds  per 
pound  of  coal.  The  battery  is  operated  with  an  average  pressure 
drop  from  the  ash  pit  to  the  uptake  of  1  inch  of  water.  A  pound  of 
air  at  atmospheric  temperature  occupies  a  volume  of  about  13  cubic 
feet.  This  figure  makes  the  total  volume  of  gas  pushed  through  the 
boilers  per  second  equal  to 

- — atxy^an «=217  cubic  feet. 

The  pressure  of  1  inch  of  water  is  equivalent  to  a  pressure  of  5 
pounds  per  square  foot,  so  that  the  work  done  per  second  in  pushing 
the  gases  through  the  boiler  setting  is 

217X5  =  1,085  foot-pounds,  or 

1,085 
RgQ  =»  1 .97  horsepower. 

The  last  figure  is  surprisingly  small,  but  it  is  perhaps  larger  than 
the  power  actually  used  in  practice.  It  is  true  that  in  mechanical- 
draft  installations  the  power  required  to  drive  the  fans  is  much  lai^er 
than  the  preceding  figure  indicates,  but  this  lai^e  amount  of  power 
is  due  to  inefficient  fans,  long,  narrow  air  ducts  (often  containing 
many  sharp  turns),  and  perhaps  a  lai^e  percentage  of  leakage.  It 
may  be  stated  that  the  efiiciency  of  the  fans  used  for  producing  drafts 
runs  between  5  and  50  per  cent;  many  fans  have  an  efficiency  much 
nearer  to  5  than  to  50  per  cent.  These  inefiicient  fans  are  the  result 
of  the  demand  for  cheap  machinery.  In  the  past  such  demands 
were  entirely  excusable;  nobody  wanted  to  pay  a  high  price  for  an 
efiicient  fan  to  save  1  per  cent  or  less  of  steam;  for  even  if  the  fans 
consumed  10  times  as  much  energy  as  was  really  required  to  push  the 
gases  through  the  boiler  setting  the  amount  of  steam  used  for  that 
purpose  would  be  less  than  2  per  cent. 

The  capacity  of  a  boiler  is  increased  by  pushing  over  its  heating 
plates  a  larger  weight  of  gases.  Thus,  to  double  the  capacity  the  weight 
of  gases  must  be  about  doubled;  to  triple  the  capacity  the  weight  of 
gases  must  be  tripled,  and  so  on.  The  power  required  to  push  the 
gases  through  the  boiler  increases  much  faster  than  the  weight  of  the 
gases  or  the  capacity  of  the  boiler.  This  increase  in  the  power  is  rapid 
because  both  the  volume  of  gases  and  the  pressure  against  which 
the  gas  is  pushed  increase.  Moreover,  the  pressure  increases  as  the 
square  of  the  weight  of  gases  to  be  pushed  through,  so  that  the  work 
put  on  the  fan  increases  approximately  as  the  cube  of  the  capacity. 
Thus,  doubUng  the  capacity  of  the  battery  of  boilers  previously  re- 
ferred to  would  increase  the  work  put  on  the  fan  eight  times,  and  trip- 
ling the  capacity  would  increase  the  load  on  the  fan  27  times  that  at 
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normal  capacity,  and  so  on.  The  power  actually  needed  to  push  the 
gases  through  the  furnace  and  the  boiler,  even  with  this  large  increase, 
would  be  so  small  that  quadrupling  the  capacity  of  the  battery  of 
boilers  appears  entirely  feasible  and  practicable,  particularly  so  in 
lai^e  power  plants  where  power  from  steam  is  derived  by  large  steam- 
turbine  unite  and  where  efficient  fans  driven  with  electric  motors 
could  be  employed.  The  reduction  in  the  first  cost  of  a  power  plant 
due  to  a  smaller  number  of  boilers  would  be  a  very  large  item  and 
very  much  in  favor  of  operating  boilers  at  high  capacity. 

BELATION  OF  PBESSX7B.E  DBOP  TO  BATE  OF  COMBUSTION  AND 

EVAPORATION. 

Since  for  any  one  steam-generating  apparatus  the  resistance  to  the 
flow  of  gas  between  the  furnace  and  the  uptake  is  practically  con- 
stant, it  is  reasonable  to  expect  that  for  a  greater  difference  in  pres- 
sures between  these  two  places  a  greater  weight  of  gases  will  pass 
through  the  boUer,  provided  that  the  temperature  of  the  gases  remains 
unchanged.  The  passage  of  a  greater  weight  of  gases  is  the  result  of 
a  higher  rate  of  combustion  and  the  cause  of  a  more  rapid  production 
of  steam.  Thus,  one  may  logically  conclude  that  the  rate  of  com- 
bustion and  the  capacity  of  the  boiler  will  vary  with  the  difference  of 
pressures  between  the  furnace  and  the  uptake. 

The  resistance  which  the  fuel  bed  offers  to  the  flow  of  air  varies 
with  the  thickness  of  the  fire,  the  size  of  the  coal,  and  the  nature  and 
qu€Lntity  of  the  ash  on  the  grate.  It  would  be  hardly  reasonable  to 
expect  an  increased  rate  of  combustion  and  higher  capacity  when  one 
or  more  of  these  factors  increases  the  resistance  of  the  fuel  bed, 
although  the  pressure  drop  through  the  fuel  bed  may  be  increased. 

The  resistance  of  the  grate  is  constant  and  should  be  small,  because 
the  energy  required  to  move  air  through  it  is  uselessly  expended.  It 
follows,  then,  that  the  percentage  of  air  spaces  in  the  grate  should  be 
as  high  as  mechanical  construction  and  factor  of  safety  allow.  The 
pressure  drop  through  the  grate  alone  should  be  as  nearly  zero  as 
possible.  The  power  applied  to  the  fans  should  be  utilized  as  com- 
pletely as  practicable  in  two  ways  only — (a)  in  scrubbing  ashes  and 
producte  of  combustion  off  the  solid  pieces  of  fuel,  and  (b)  in  scrub- 
bing the  soot  and  cooled  gases  off  the  water-heating  surface. 

SiaNIFICANCE  OF  DBAFT  OVEB  THE  FUEL  BED. 

A  draft  gage  connected  to  the  space  above  the  fuel  bed  gives 
useful  information  as  to  the  condition  of  the  fire  to  a  fireman  who 
understands  the  significance  of  its  indications.  Thus,  after  cleaning 
a  fire,  if  the  pressure  drop  from  ash  pit  to  fuel  bed  is  too  small,  the 
fireman  may  be  sure  that  there  are  holes  in  the  fire,  or  that  it  is  too 
thin;  or,  if  the  pressure  drop  is  too  great,  it  is  probable  that  the  fire  is 
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too  thick.  A  gradual  increase  of  the  drop  through  the  fuel  bed  after 
a  fire  has  burned  for  some  time  (in  case  of  hand  firing  especiaUy),  is 
an  indication  of  the  accumulation  of  clinker  next  to  the  grate.  Of 
course,  a  drop  through  the  fuel  bed  is  adjudged  high  or  low  only  after 
considering  it  in  connection  with  the  total  drop  throu^  the  whole 
apparatus.  It  may  happen,  in  the  same  apparatus,  with  the  same 
coal  from  the  same  bin,  and  the  same  total  pressure  drop,  that  much 
less  coal  is  burned  and  a  smaller  amount  of  steam  produced  in  one 
day  than  on  another,  although  the  pressure  drop  through  the  fuel 
bed  is  higher  on  the  day  of  the  lower  steam  production.  The  fireman 
may  wonder  why  that  is.  The  expliination  may  be  drawn  from  the 
preceding  paragraphs,  as  follows:  When  coal  is  taken  out  of  the 
side  and  bottom  of  a  bin,  the  larger  pieces  tend  to  flow  out  first, 
leaving  the  smaller  pieces  and  dust  in  the  far  corners  until  all  the 
coarser  coal  has  been  burned.  When  burning  the  finer  coal,  the 
resistance  to  the  passage  of  air  through  the  fuel  bed  is  greater,  and 
this  greater  resistance  causes  a  higher  pressure  drop;  that  b,  a hi^er 
draft  above  the  fire.  Simultaneously  a  smaller  air  supply  results 
in  a  Ipwer  rate  of  combustion  and  a  smaller  steam  production. 

THE  STEAMING  VALUE  OF    COAL  AS    REIiATED   TO  ITS 
CHEMICAL  COMPOSITION  AND  HEATING  VALUE. 

Figure  94  is  a  graphical  summary  of  the  results  of  all  the  steaming 
tests  made  at  the  fuel-testing  plant  at  St.  Louis,  Mo.  The  figure 
shows  how  the  chemical  composition  and  the  heating  value  of  coal 
affect  the  economic  results  in  steam  production.  The  abscissas  of 
the  plat  are  the  heat  values  of  the  coals  as  fired.  The  ordinates  are 
values  giving  the  approximate  composition  of  coal  and  the  two  most 
important  items  of  the  results  of  the  steaming  tests,  the  capacity  and 
the  evaporation  together  with  the  efficiency. 

When  studying  this  figure  careful  note  should  be  made  of  the  scale 
to  be  used  with  each  curve.  The  ordinates  giving  the  percentages 
of  ash,  moisture,  and  the  volatile  matter  in  coal  read  from  the  top 
down;  that  is,  when  the  curves  drop  these  percentages  increase. 
Attention  is  also  called  to  the  fact  that  the  basis  of  these  percentages 
is  coal  free  from  ash  and  moisture;  that  is,  the  percentage  of  moisture 
and  of  ash  is  that  amount  which  would  be  present  if  the.moisture  and 
ash  increased  in  the  same  ratio  as  actual  combustible  is  increased  to 
100  per  cent.  The  ordinates  ^ving  the  capacity  of  boiler  developed 
during  each  test  and  the  evaporation,  read  from  the  bottom  up; 
that  is,  when  these  two  curves  drop  the  capacity  or  the  evaporation 
drops  also. 

Each  of  the  plain  points  (O  or  • )  on  the  chart  represents  a  single 
test.  The  points  with  the  crosses  (-0-  or  '^)  through  them  represent 
the  arithmetic  averages  of  the  surrounding  groups  of  single  tests. 
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These  average  points  are  connected  with  broken  hnes  to  show  the 
general  tendency  of  the  variation. 

Through  the  group  of  evaporation  points  are  drawn  four  lines  of 
constant  over-all  efficiency  of  the  steam-generating  apparatus;  that 
is,  all  tests  falling  on  the  same  line  were  run  with  the  same  over-all 
efficiency.  The  top  curve,  or  rather  the  top  group  of  points,  gives  the 
capacity  of  the  boiler  that  has  been  developed  during  each  test. 
The  average  of  this  group  runs  between  90  and  100  per  cent  of  the 
capacity  as  rated  by  the  builders,  and  is  nearly  constant  for  all  heat 
values  of  the  coals.  The  fact  signifies  that  by  proper  manipulation 
of  the  fires  it  is  possible  to  obtain  the  rated  capacity  of  the  boiler 
with  almost  any  coal,  no  matter  what  its  heat  value  may  be. 

The  second  and  the  third  group  of  points  show  that  as  the  heat 
value  of  1  pound  of  coal  as  fired  decreases  from  14,600  to  10,200 
B.  t.  u.,  the  ash  and  moisture  increase  from  about  5  to  20  per  cent. 
Undoubtedly  this  increase  in  moisture  and  ash  is  the  direct  cause  of 
the  low  heat  value  of  the  coals  at  the  right  of  the  plat.  The  lowest 
curve  (marked  ''volatile  matter")  shows  that  for  the  above  decrease 
in  the  heat  value  of  the  coals  the  volatile  matter  increased  from 
about  30  to  45  per  cent,  indicating  that  in  general  the  coals  used  in 
the  tests  shown  at  the  right  of  the  plat  are  of  lower  grade  than  those 
at  the  left  of  the  plat. 

The  second  group  of  points  from  the  bottom  of  the  chart  (marked 
"evaporation")  gives  the  evaporation  per  pound  of  coal  as  fired. 
It  is  the  most  interesting  group  of  points  in  the  figure.  The  significant 
feature  of  this  group  is  that  the  average  drops  very  nearly  in  propor- 
tion to  the  heat  value  of  the  coal.  It  is  worthy  of  note  that  the  over- 
all efficiency  drops  only  about  4  per  cent  when  the  heat  value  of  the 
coal  drops  from  14,600  to  10,200  B.  t.  u.  This  drop  in  efficiency  is  not 
due  to  the  low  heat  value  of  the  coal,  but  to  the  large  percentages  of 
ash,  moisture,  and  volatile  matter  in  the  coal  as  fired. 

'It  has  been  stated  in  the  discussion  of  the  effects  of  ash  on  the 
economy  in  steam  production,  that  a  large  percentage  of  ash  re- 
duces the  efficiency  by  causing  a  large  local  air  supply  and  at  the  same 
time  may  be  also  the  cause  of  incomplete  combustion.  In  the  section 
on  the  effects  of  the  moisture  on  economy,  it  has  been  shown  that 
high  moisture  increases  incomplete  combustion  and  on  account  of 
the  high  latent  and  specific  heats  of  water  causes  large  chimney  losses, 
thereby  reducing  the  efficiency.  High-volatile  coals  are  always 
difficult  to  bum  on  account  of  the  heavy  hydrocarbon  gases  and  tar 
vapors  which  are  distilled  from  the  fuel  bed  and  must  be  burned  in 
the  combustion  space  of  the  furnace.  Consequently  when  coals  dis- 
tilling larger  quantities  of  these  heavy  gases  and  tar  vapors  are 
burned  the  combustion  is  not  as  complete  as  when  their  quantity  is 
small.    Therefore,  one  is  justified  in  stating  that  the  high  volatile 
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matter  of  the  coals  used  in  the  tests  shown  at  the  right  of  the  plat  is 
responsible  for  a  part  of  the  4  per  cent  drop  in  the  over-all  efficiency. 

Inasmuch  as  the  evaporation  per  pound  of  moist  coal  in  any  steam- 
generating  apparatus  is  nearly  proportional  to  the  heat  value  of  the 
coal;  it  is  plain  that  wherever  possible  coal  should  be  bought  on  the 
B.  t.  u.  basis.  Moisture  and  ash-free  coal  coming  from  the  same 
coal  bed  does  not  vary  appreciably  in  heat  value.  Therefore  after 
the  heat  value  of  a  coal  has  been  once  determined  with  a  calorimeter, 
the  heat  value  of  other  lots  of  coal  from  the  same  bed  may  be  closely 
computed  from  the  moisture  and  ash  determinations  which  any 
intelligent  boiler-room  operator  can  make.  Inasmuch  as  large  per- 
centages of  moisture,  ash,  and  volatile  matter  in  the  coal  increase  the 
chinmey  losses  and  are  the  causes  of  less  complete  combustion  a 
proper  correction  ranging  from  1  to  about  5  per  cent  should  be  made 
on  the  heat  value  of  the  coals. 

The  preceding  deductions  are  drawn  from  the  results  of  tests  made 
in  a  hand-fired  furnace  under  a  Heine  boiler,  and  are  strictly  appli- 
cable to  that  type  of  furnaces.  However,  the  authors  are  confident 
that  the  same  deductions  hold  true  to  a  large  measure  with  all  me- 
chanical methods  of  stoking  coals. 
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Coke,  in  ftiel  bed,  action  of  steam  on,  figure 

showing 286 

Coliinsville,  HI.,  ooal,  tests  of,  results  of. .  50, 71, 73, 
85, 87, 99, 101, 115, 117, 120, 131, 143, 148, 190 

Colorado  ooal,  tests  of,  results  of 58, 

73,87,101,117,131 

Combustible,  definition  of 50 

distillation  of 280 

from  coal,  relation  of,  to  rate  of  heating 333 

left  on  grate,  nature  of 330 

liquid,  definition  of. 330 

ratio  of  boiler  efficiency  to  combustion  of. .     214 

volatile,  constituents  of. 254 

burning  of. 232 

Combustible  consumed,  definition  of 50, 54 

determination  of 50 

Combustion  of  coal  in  boiler  furnaces,  discus- 
sion of. 330-335 

of  fuels,  regulation  of  air  supply  in 339 

of  gas,  mass  action  In 336 

oftar  globules,  nature  of 332 

rate  of,  factors  affecting 339 

products  of,  effects  of  air  supply  on 352 

figure  showing 351,352,353 

nature  of 214 

rate  of,  definition  of  law  governing 331 

effect  of 203-214 

figuresshowing 200-213 

on  capacity  and  efficiency 209 

in  combustion  space,  variation  in 338 

relation  of  draft  to 307 

space  needed  for,  relation  of  rate  of  burn- 
ing to 334 

temperature  of  products  of,  effect  of  air 

sapidy  on 351 

Combastion  chamber,  gas-mixing  structures 

in 296 

gps-mizing  wall  in,  figure  showing 296 

temperature  of,  effect  of 225,230 

relations  of,  figure  showing 226,228,229 

Combustion  space,  analysis  of  gases  in 288 
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Combustton,  definition  of 197 

efflcianoy  of,  effect  of  CO  in  flue 

gaseson 218 

relation  of  oxygen  in  coal  to 253 

relation  of,  to  grate  area 335 

sise  of,  relation  of  coal  used  to 288 

Conduction  of  heat,  definition  of. 341, 342 

law  of,  application  of 343 

definition  of 342 

Convection,  definition  of 342 

heat  travel  by 347 

law  of 348 

Crab  Orchard,  Va.,  ooal,  tests  of,  notes  on 183 

results  of 68,82,96,111,126,141 

Cranston,  R.  I.,  coal,  tests  of,  notes  on 179 

results  of 67, 81, 95, 110, 125, 139 

Cupola,  combustionof  fuel  in. 286 


D. 


Danford,  Ohio,  coal,  tests  of,  notes  on 174 

results  of 66,79,94,100,124,138 

Darby,  Va.,  coal,  tests  of,  notes  on. 165, 184 

results  of 63, 77, 91, 105, 121, 135 

Denning,  Ark. ,  coal ,  tests  of,  results  of 58, 

72,86,101,116,130 

Denver,  Colo. ,  fuel  tests  at,  purpose  of 0 

Derryhale,  W.  Va. ,  coal,  tests  of,  notes  on 167 

results  of 63,77,91,106,121,136 

^Diamond,  Ind. ,  coal,  tests  of,  notes  on 104 

results  of 63,76,91,105,121,135 

Dixie,  Ohio,  coal,  tests  of,  notes  on 174, 

results  of 66,80,94,100,124,138 

Dolomite,  Ala.,  coal,  tests  of,  notes  on 146 

results  of 58,72,86,100,116,130 

DonkvUle,  111.,  coal,  tests  of,  notes  on 156 

results  of 01,74,89,103,179,133 

Draft,  boiler,  discussion  of 361-363 

law  governing,  definition  of 363 

regulation  of 24, 27 

relations  of 387 

changes  in,  definition  of  law  governing . .      363 

Indications  from 367 

chimney,  principles  involved  in 362 

effect  of  condition  of  coal  on 368 

f^ms,  efficiency  of 366 

forced,  definition  of. 49 

functions  of 361 

gages,  description  of 36 

indications  from,  value  of 367 

induced,  definition  of. 49 

means  of  producing 362 

natural,  definition  of 48 

production  of,  methods  of 362 

relation  of  thickness  of  fiiel  bed  to 364 

law  governing 364 

relation  of  variation  in  capacity  of  boiler 

to 367 

in  rate  of  combustion  to 365 

velocity  of ,  cause  determining '    362' 

"Drafts,''  determination  of 40,44,363 

error  in 44 

Dugger,  Ind.,  coal,  tests  of,  notes  on 162 

resultsof 62,76,90,105,120,134 
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Earlington,  Ky.,  coal,  tests  of,  results  of M, 

78,02,107,122,137 
East  ICillsboro,  Pa.,  coal,  tests  of,  notes  on.  176, 191 

results  of 07,80,05,109,125,139 

Edwards,  Ind.  T. ,  coal,  tests  of,  results  of 63, 

77,91,106,121,136 
Efficiencies  of  steam-generating  apparatus, 

classes  of. 197 

Effldenoy  over-all,  definition  of 55 

8u  Boiler  efficiency;  combustion-epaoe 
efficiency;  furnace  efficiency. 

Ehrenfdd,  Pa.,  coal,  tests  of,  notes  on 177 

results  of 67, 80, 95, 100, 125, 139 

Ellsworth,  Pa.,  coal,  tests  of,  notes  on 176 

results  of 67, 80, 05, 109, 125, 139 

Evaporation,  equivalent,  detennlnation  of. . .       53 
total,  determination  of. 53 

F. 

Fans,  "draft,"  efficiency  of 366 

Feed  water,  tanks  for 28, 29 

temperature  of,  determination  of 39 

i       errorin. 43 

weighing  of. 39 

Femald,  B.  H.,  work  of 3,4 

Fire,  cleaning  of,  effect  of,  on  boiler  circula- 
tion       274 

Firing,  methods  of. 55 

figure  showing 55 

Fixed  carbon,  in  fuel,  relation  of,  to  air  supply .     237  * 
to  boUer  capacity ,  figure  showing     237 

to  efficiency 237 

to  heating  value 201 

to  temperature 237 

to  test  items,  figure  showing 234 

left  on  grate,  proportion  of. 334 

Fleming,  Kans.,  coal,  tests  of,  results  of 64, 

77,92,107,122,136 

Florida  peat,  tests  of,  notes  on 147 

results  of. 50, 73, 87, 101, 117, 131 

Flue  gases.   Su  Oases,  flue. 

Flues,  dimensions  of,  relations  of,  to  efficiency     310 

Flushing,  Ohio,  coal,  tests  of,  notes  on. 176 

resulU  of 66, 80, 94, 100, 124, 139 

Forced  draft,  definition  of 49 

Fort  Ridge,  Tenn.,  coal,  tests  of,  notes  on. . . .      179 

results  of 67, 81, 95, 110, 125, 139 

Fromberg,  Mont. ,  coal,  tests  of,  notes  on 171 

resultsof 65,79,93,107,123,137 

Froslburg,  Md. ,  coal,  tests  of,  notes  on 170 

resultsof 65,79,93,107,123,137 

Fuel  bed,  reactions  in 331 

resistance  of,  factors  affecting : 364 

law  governing 364 

tests,  Government,  purpose  of 6 

thickness  of,  error  in  estimating 41 

Furnace,  definition  of 194 

function  of 194 

parts  of. 196 

tile-roof,  advantages  of 231 

Furnace  efficiency,  definition  of 54, 194, 196 

factors  governing 195 

See  Efficiency,  furnace. 
Furnace  gases.    5f«  Gases,  furnace. 

Furnace  temperature,  measuring  of 40 

errorin. 44 
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Gages,  draft,  description  of 36 

Gallup,  N.  Hex. ,  coal,  tests  of,  results  of 65, 

79,99,108,123,137 

resultsof 56, 72, 86, 100,  U6, 130 

Gamsey,  Ala,  coal,  tests  of,  notes  on. 145 

Qas-analyais  apparatus,  Orsat 34 

Oas-mlzing  structures,  description  of 296 

wall,  figure  showing 296 

Gas  producer,  fuel  bed  in,  gases  from 283-287 

sampletB,  comparison  of 295 

construction  of. 293 

figureshowing 294 

Oases,  bofler,  composition  of. 280 

combustible,  formation  of,  In  fuel  bed 331 

In  the  fuel  bed,  analyses  of.  282,283,287,288 
combustion-chamber,  composition  of,  in 

relation  to  flue-gas  temperature 216 

flue,  carbon  dioxide  In,  effect  of,  on  effici- 
ency      217 

figureshowing 217 

carbon  monoxide  in,  effect  of,  on 

efficiency 217 

samplers  for 29-34 

sampling  of. 39 

errorin 43 

temperature  ofy  measuring  of 40 

determinaUon  of,  error  In 43,306 

thermometers   for,   descrlp- 

/tionof 34 

relation  of,  to  oombustion-cham- 

-  ber  temperature 230 

to  rate  of  combustion 204 

weights  of,  formula  for  computing  —       56 

Aimaoe,  analysis  of 215 

carbon  dioxide  In 215 

carbon  monoxide  in 215 

constituents  of 215 

oxygen  In 215 

relation  of  composition  of,  to  tem- 
perature   215-216 

water  vapor  In 215 

mixing  of.    See  Mass  action,  law  of. 

devices  for 20,27 

movement  of,  principles  Involved  In. . .  381-365 

through  boiler,  experiments  on 810 

path  of,  figure  showing 19 

heat  along,  effect  of  air  supply  on —     354 

producer,  constltaents  of 283-287 

samplers  for,  construction  of 293 

figureshowing 204 

samples  of,  comparison  of,  taken  with 

different  samplers 

figin^e  showing 

from  combustion  chamber,  analyses 

of 288 

temperature  of,  method  of  measuring 303 

drop  of ,  equation  for 356 

figureshowing 304 

Set  Orsat  apparatus. 

Gatliff,  Tenn.,  coal,  tests  of,  notes  on 180 

resultsof 67,81,95,110,125,140 

Geological  Survey,  United  States,  steaming 

testsby 7 

publications  on 7 

Georgia  coal,  tests  of ,  notes  on 147 

lesaltsof 59,78,87,101,117,131 
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Oermantown,  HI.,  ooal,  tests  of,  notes  on 157 

molts  of 61, 75. 89, 108, 119, 133 

Glen  Alum,  W.  Va.,  ooal,  tests  of,  notes  on. .      187 

results  of 69, 83, 97, 113, 127, 142 

Orate,  efficiency  of 196 

function  of 196 

Oreensburg,  Pa.,  coal,  tests  of,  notes  on. . . : . .      176 
results  of 66, 80, 96, 100, 125, 139 

H. 

Hanna,  Wyo.,  ooal,  tests  of,  notes  on 189 

lesultaof 70,84,98,113,128,143 

Hairisborg,  HI.,  ooal,  tests  of,  notes  on 159 

results  of 61, 75, 80, 103, 119, 133 

Hartshome,  Ind.  T.,  coal,  tests  of,  notes  on. .      164 

results  of 63, 77, 91, 106, 121, 135 

Hartwell,  Ind.,  ooal,  tests  of,  notes  on 162 

results  of 62, 76, 90, 106, 120, 135 

Hastings,  Pa.,  ooal,  tests  of,  notes  on 178 

results  of 67, 80, 96, 109, 125, 139 

Heat  absorbed  by  boUer,'oomputation  of 56 

absorption  of,  rate  of,  method  of  calculating   354 

oonTsction  of ,  In  boiler  water 354-361 

evolution,  rate  of,  effect  of 307 

flgureshowing 206,206 

losMs,  In  boiler,  statement  of 266 

lost  In  CO,  computation  of 57 

in  dry  gases,  computation  of 57 

in  radiation,  computation  of 57 

relation  of  water  formed  by  burned 

hydrogen  to,  computation  of 57 

path  of ,  through  boiler 340 

transmission,  experiments  on,  apparatus 

and  methods  of. 309 

deductions  lh>m 309 

laws  governing,  equations  of 209 

travel,  average  distance  of,  figure  showing     360 
Heat  absorbing  properties  of  boilers,  calcula- 
tion of. 301 

Heating  value  of  coal,  determination  of 52 

relatlonsof 262 

flgureshowing 263,368 

Henryetta,  Ind.  T.,  coal,  tests  of,  notes  on. . .     164 

results  of 63, 77, 91, 106, 121, 135 

Hermenie,  Pa.,  coal,  tests  of,  notes  on 178 

results  of 67, 81, 95, 110, 125, 139 

Henishaw,W.Va.,  ooal,  tests  of,  notes  on 187 

resultsof 70,83,08,113,128,142 

Herrin,  III.,  coal,  tests  of,  notes  on 153, 158 

resultsof 60,61,74, 

75, 88, 80, 102, 103, 118, 119, 132, 133 

HIgbee,  Mo.,  coal,  tests  of,  notes  on 170 

results  of 66, 79, 93, 107, 123, 137 

Holmes,  J.  A.,  work  of 5 

Horse  Creek,  Ala.,  coal,  tests  of,  results  of 58, 

72,86,100,116,130 

Horsepower,  boiler,  definition  of. 53 

Hoyt,  Tex.,  ooal,  tests  of,  notes  on 183 

results  of 68, 82, 96,  111,  126, 141 

Huff,  Pa.,  ooal,  tests  of,  notes  on 179 

results  of 67, 81, 95, 110, 125, 139 

Hughes  smoke  preventer,  use  of 20 

Hnntington,  Ark.,  coal,  tests  of,  results  of. . .     58, 

72,86,100,116,130 

Hnntsvllle,  Mo.,  ooal,  tests  of,  notes  on 170 

results  of 65, 79, 93, 107, 123, 137 

Hydrogen.    See  Gases. 
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Hymera,  Ind.,  ooal,  tests  of,  notes  on 160 

results  of 61, 75, 89, 104, 110, 134 

I. 

niinoLs  coal,  tests  of,  notes  on 147, 191 

results  of 59, 73, 87, 101, 117, 131 

Indiana  coal,  tests  of,  notes  on 159 

resultsof 61,75,89,108,110,133 

Indian  Territory,  cool,  tests  of,  notes  on 164 

resultsof «3, 77,91, 106, 121, 135 

Induced  draft,  definition  of 49 

Iowa  cool,  tests  of,  results  of. .  63, 77, 91, 105, 121, 135 

J. 

Jenny  Llnd,  Ark.,  coal,  tests  of,  results  of 58, 

72,86,101,116,130 

Jewett,  Kans.,  coal,  tests  of,  notes  on 168 

results  of 64, 78, 93, 107, 122, 136 

Jones  underfeed  stoker,  use  of 24 

K. 

Kansas  ooal,  tests  of,  notes  on 168 

resultsof 64,77,92,107,122,136 

Kemmerer,  Wyo.,  ooal,  tests  of,  notes  on 189 

resultsof 70,84,98,113,128,143 

Kentucky  coal,  tests  of,  notes  on 168 

resulUof 64,78,92,107,122,137 

Kingmont,  W.  Va.,  coal,  tests  of,  results  of. . .     69, 

83,97,111,127,141 

L. 

Laddsdale,  Iowa,  coal,  tests  of,  results  of 63, 

77,91,105,121,135 

Lafiftyette,  Colo.,  coal,  tests  of,  results  of 58, 

73,87,101,117,131 

La  Salle,  HI.,  coal,  tests  of,  notes  on 153 

results  of 60, 74, 88, 102, 118, 132 

Lehigh,  Ala.,  ooal,  tests  of,  notes  on 146 

results  of 58, 72, 86, 100, 116, 1^0 

Lehigh,  Ind.  T.,  coal,  tests  of,  resultsof 63, 

77,91,105,121,135 

Lehigh,  N.  Dak.,  coal,  tests  of,  resultsof 65, 

79,93,108,123,137 

Lester,  Ark.,  coal,  tests  of,  notes  on 147 

results  of 58, 73, 87, 101, 117, 131 

Lignite,  North  Dakota,  tests  of,  results  of 329 

Ligonier,  Pa.,  coal,  tests  of,  notes  on 177 

resultsctf 67,80,95,109,125,139 

Lincoln,  HI.,  coal,  tests  of,  notes  on 157 

resultsof 61;  75, 89, 103, 110, 133 

Linton,  Ind.,  coal  tests  of,  notes  on 163 

results  of 62, 76, 90, 105, 121 ,  136 

Littles,  Ind. ,  coal,  tests  of,  notes  on 160 

resultsof 62,75,90,104,120,134 

Livingstone,  HI.,  coal,  tests  of,  notes  on 158 

resultsof 61,75,89,103,119,133 

Lloydell,  Pa.,  ooal,  tests  of,  notes  on 178 

resultsof 67,81,95,110,125,139 

Locomotive,  boiler  of,  tests  in 321-328 

conclusions  from 328 

furnace  of,  figure  showing 322 

smoke  box  of,  figure  showing 323 

spark  catcher  of,  figure  showing 324 

Lord,  N.  W.,  wwk  of. 3,4,40 

Louisiana  Purchase  Exposition,  fuel  tests 
at 6 
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KcDonald,  W .  Va.,  ooal  tests  of,  notes  on ... .      187 

results  of 89.83.97,113,127,142 

McHenry,  Ky.,  ooel,  tests  of,  notes  on 169 

results  of 65,78,93,107,123,137 

Kacksville,  Ind.,  coal,  tests  of,  note  on 161 

results  of 62, 76, 90, 105, 120, 134 

Marion,  m.,  coal,  tests  of,  results  of 69, 

78,87,101,117,131 

Maryland  eoal,  tests  of,  notes  on 160 

result^i  of 61, 

66, 74, 78, 89, 98, 108, 107, 119, 128, 138, 137 

Marysville,  111.,  coal,  tests  of,  notes  on 166 

results  of 61 ,  74, 89, 103, 119, 133 

Mass  action,  law  of,  application  of 337 

tocombustioQ 831 

definition  of 336 

Mechanical  stoken,  advantages  of. 834 

Mendoti^  Mo.,  ooal,  tests  of,  results  of 65, 

79,83,107,128,187 

Mendoza,  Argentina,  ooal,  tests  of,  notes  on..      190 

results  of.....  70,84,99,113,120,143 

Menlo,  Oa.,  coal,  tests  oi;  notes  on 147 

results  of 50, 73, 87, 101, 117, 131 

Midland,  Ark.,  ooal,  tests  of,  notes  on 147 

results  of 58,72,86,101,117,131 

Mildred,  Ind.,  ooal,  tests  of.  results  of 61, 

75,80.103,119,133 
Mineral  City,  Ohio,  coal,  tests  of,  notes  on . . .     176 

results  of 66,80,94,109,124,139 

Missouri  coal,  tests  of,  notes  on 170 

results  of 65,79,93,107,123,137 

Moisture,  loss  of,  by  ooal 51 

In  coal,  effect  of 242 

figuroshowing 243,246^246 

in  steam,  determination  of 40,44 

Monarch,  W.  Va.,  cool,  tests  of,  notes  on 188 

MonoDgah,  W.  Va.,  coal,  tests  of,  notes  on. . .     186 

resultsof 60, 

70, 83, 97, 08, 112, 113, 127, 128, 142, 143 

Montana  coal,  tests  of,  notes  on 171 

resultsof 65,79,93,107,123,137 

Mora,W.Va.,ooal,  tests  of,  resultsof 60, 

83,97,112,127,141 
Moigantown,  W.  Va.,  coal,  tests  of,  results  of .      60, 

83,97,112,127,141 

Natural  draft,  definition  of 48 

Nefls,  Ohio,  coal,  tests  of,  notes  on 174 

resultsof 06,70,94,109,124,138 

New  Baden,  111.,  ooal ,  tests  of,  notes  on 157 

resultsof 61, 76, 80, 103,  UO,  183 

New  Home,  Mo.,  coal,  tests  of,  results  of. 65, 

79,93,107,128,137 

New  Mexico,  ooal,  tests  of,  notes  on 171 

resultsof 66, 71^,93,106, 128. 187 

Norfblk,  Va.,  fuel  tests  at 6 

puxpoaeof 6 

steam  plant  at,  »et  Steam  plant  at  Nor^ 

folk,Va 15 

steaming  tests  at,  boiler  equipment  in . . .       10 

steaming  tests  at.  cool  tested  in 10 

object  of 10 

Normand  boiler,  dimen8i<Mis  of 313 

spark  catchers  for,  figure  showing 316 

tests  on,  conclusions  from 820 

and  setting,  figure  showing 814 
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North  Dakota  coal,  tests  of,  notes  on 172 

resultsof 65,70,98,106,123,137,320 

NoTingar,  Mo.,  coal,  tests  of,  notes  oo 171 

resultsof 66, 79, 03, 107, 128, 117 

O. 

O'FaUon,  ni.,  coal,  tests  of;  results  of 50, 

73,87,101,117,131 

Ohio  coal,  tests  of,  notes  on 172 

resultsof 66,79,98,108,128,138 

Oliver  Springs,  Tenn.,  coal  tests  of,  nates  on.     180 

resultsof 67, 81,95,  lU,  126, 140 

Orlando,  Fla.,  peat,  tests  of,  notes  on 147 

resulteof ^,  78, 87, 101,  U7, 131 

Orme,  Teon.,  eoal,  tests  0^  notes  on 182 

resulteof 68,82,96,111,120,141 

Orsat  apparatus,  description  of 34 

Oxygen  in  coal,  relation  of,  figure  showing. . .     tt4 
supply,  late  of,  relations  of 880 

P. 

Page,  W.  Va.,  ooal,  tests  of,  notes  on 186 

results  of 68,83,97, 112, 127, 141 

Paintsville,  Ky.,  eoal,  tests  of,  notes  on 160 

resultsof 64,  TB,  92, 107, 123, 187 

Paisley,  ni.,  coal,  tests  of,  notes  on 148 

resultsof 99,73,87,101,117,131 

Panama,  Ind.  T.,  ooal,  tests  of,  notes  on 166 

resoltsof 68,77,91,105,121,135 

Parker,  E.  W.,  woilc  of. 3,5 

Peat,  Orlando,  Fla.,  tests  of,  notes  on 147 

Fennsylyania  ooal,  tests  of,  n«tes  on 176 

resoltsof 66,80,94,100,126,139 

Petros,  T«nn.,  coal,  tests  of,  notes  on 181 

rasnltsof 67, 81,96,  lU.  120, 140 

PittslMUgfa,  Pa.,  fuel  tests  at 6 

PowelHon,  W.  Va.,  eoal,  tests  of,  results  of. . .      69. 

88,97,112,127,141 
Pressure  drop.   5ee  "Draft." 
Producer  gas.   Bee  Gas,  producer. 
Pyrometers,  fnmaoe S6 

R. 

Radiation,  deflnltkm  of 341 

law  of 347 

appUcationof 345 

definition  of 844 

equation  for 345 

transfer  of  heat  by,  flgnre  showing 346 

Randall,  D.  T.,  work  of U 

Ray,  W.  T.,  work  of 11 

Red  Star,  W.  Va.,  eoal,  tests  o^  notes  on 167 

resultsof 63,77,91,106,121,186 

Reftase,  weighing  of,  error  in 41 

weight  of,  deflnltioQ  of fO 

determination  of 38 

Renton,  Wash.,  ooal,  tests  o^  notes  on 185 

resulteof 69,82,97,111,127,141 

Rhodelslandooal,  teste  of,  notes  on 179,191 

resulteof 67,81,96,110,126,130 

Riohlands,Va.,  coal,  teste  of,  notes  on 185 

resulteof 60,82,97,111,127,141 

Rio  Grande  do  Sul,  BrasU,  coal,  teste  oi;  notes 

on 190 

resulteof 70,84,99,113,129,143 
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Rosedale,  Ind.,  oottl,  tests  of,  noiss  on 163 

results  of 62, 76, 90, 106,  lao,  134 

Roslyn,  Wash.,  ooal,  tests  oi;  notes  on 165 

resultsof 60,82,97,111,137,141 

Run-of-mineooalfdeAaitlaBof 47 

Rush  Run,  Ohio,  coal,  testsef,  notes  on 174 

nsultsof 66,79,94,U)9,13i,l» 

Rush  Run,  W.  Va.,  ooal,  tests  of,  notes  on...     166 
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BINDERS  FOR  COAL  BRIQUETS : 

INVESTIGATIONS  MADE  AT  THE  FUEL-TESTING  PLANT, 

ST.  LOUIS,  M0.« 


By  James  E.  Mills. 


INTRODUCTION. 

THE  COMMERCIAL  PROBLEM. 

Coaly  in  the  process  of  minings  transportation,  and  handling  and 
on  exposure  to  the  weather,  is  subject  to  more  or  less  disintegration. 
This  disintegrated  coal  is  usually  called  "slack''  and  amounts  often 
to  a  considerable  percentage  of  the  lump  coal  produced  in  the  mines. 
If  this  slack  coal  is  wasted  the  loss  so  occasioned  ranges  from  5  to  50 
per  cent,  or  even  more,  of  the  total  coal  mined.  It  is  therefore 
clear  that  the  utilization  of  this  waste  slack  coal  becomes  a  serious 
economic  consideration. 

When  the  coal  is  suitable  for  the  production  of  coke,  the  utilization 
of  the  slack  presents  no  difficulty,  as  it  is  in  demand  for  that  purpose. 
If  the  coal  does  not  produce  good  coke,  but  cakes  rather  readily,  the 
slack  can  be  used  for  boiler  purposes,  as  it  fuses  together  more  or  less 
quickly,  and  bums  on  the  furnace  grate  without  great  loss.  Coal 
that  cakes  less  readily  can  be  burned  on  grates  of  special  construc- 
tion. When  so  used  it  is  more  troublesome  to  handle,  and  the  waste 
is  greater  than  when  lump  coal  is  used.  Consequently  the  price 
of  much  of  the  slack  coal  for  fuel  purposes  ranges  considerably  lower 
than  that  of  the  lump  coal  from  the  same  mine. 

The  full  value  of  this  slack  coal  as  fuel  can  be  realized  by  first  form- 
ing the  coal  into  a  coherent  mass  or  briquet,  such  briquets,  when  of 
good  quality,  being  equal  to  or  of  greater  value  than  the  original 

A  The  writer  undertook  the  work  herein  rei>orted,  in  1905.  at  the  fael-testing  plant  of  the  United  States 
Geological  Survey,  under  the  direction  of  Dr.  Joseph  Hyde  Pratt,  of  the  University  of  North  Carolina, 
to  whom  he  is  greatly  indebted  for  advice  and  suggestions,  given  not  alone  at  the  beginning  but  through- 
out the  progress  of  the  work.  Acknowledgment  is  also  due  for  suggestions  given  by  Mr.  A.  A.  Steel, 
of  the  University  of  Arkansas,  and  for  the  assistance  of  many  individuals  and  corporations  who  have 
answered  inquiries  and  furnished  samples  as  desired.  In  compiling  this  report  and  in  laboratory  work 
free  use  has  been  made  of  all  available  information  thus  acquired. 
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lump  coal  from  which  the  slack  was  derived.  The  object  of  the 
investigations  herein  reported  was  to  determine  as  far  as  possible  to 
what  extent  the  manufacture  of  briquets  from  slack  coal  may  succeed 
commercially  imder  the  conditions  existing  in  the  United  States. 

The  problem  of  briquetting  is  not  always  that  of  how  to  make  the 
best  possible  briquet;  for  the  slack  at  hand  may  be  of  inferior  quality 
and  the  best  possible  binding  material  may  be  too  expensive  for  the 
conditions  prevaiUng  m  that  particular  locaUty.  The  problem  is 
always  to  produce  at  a  profit  a  briquet  of  satisfactory  grade  for  the 
use  intended.  This  problem  will  be  made  clearer  by  a  brief  summary  of 
the  available  binders,  followed  by  a  preliminary  discussion  of  the 
characteristics  of  a  good  briquet. 

THE  KIND  OP  BINDER. 

Definite  answer  to  the  question  ''What  is  the  best  binder  to  use  in 
making  briquets  ?''  depends,  as  repeatedly  emphasized  in  this  paper, 
on  the  locality,  on  the  character  of  the  coal,  and  on  the  purpose  for 
which  the  briquets  are  intended.  For  purposes  of  a  brief  comparison 
consideration  is  given  to  the  binders  available  for  a  coal  which  is 
fairly  easy  to  briquet  and  which  cakes  rather  readily.  A  few  coals 
will  briquet  with  somewhat  less  and  others  require  greater  percentages 
of  binder,  but  an  endeavor  has  been  made  in  the  following  summary 
to  strike  a  reasonable  average. 

The  experiments  herein  reported  show  that,  in  general,  for  plants 
situated  where  it  can  be  obtained,  the  cheapest  binder  will  prove  to 
be  the  heavy  residuum  from  petroleum,  often  known  to  the  trade  as 
asphalt.  Four  per  cent  of  this  binder  being  sufiicient,  its  cost  ranges 
from  45  to  60  cents  per  ton  of  briquets  produced.  This  binder  is 
particularly  available  in  California,  Texas,  and  adjacent  territory. 

Second  in  order  of  importance  comes  water-gas  tar  pitch.  Five 
to  six  per  cent  usually  proving  sufficient,  the  cost  of  this  binder  ranges 
from  50  to  60  cents  per  ton  of  briquets  produced.  As  water-gas  pitch 
is  also  derived  from  petroleum,  it  will  be  available  more  particularly 
in  oil-producing  regions. 

Third  in  order  of  importance  is  coal-tar  pitch.  Being  derived  from 
coal,  this  binder  is  very  widely  available.  From  6.5  to  8  per  cent  will 
usually  be  required,  and  the  cost  ranges  from  65  to  90  cents  per  ton 
of  briquets  produced. 

Of  local  importance,  where  the  price  permits,  are  natural  asphalts 
and  tars  derived  from  wood  distillation.  The  price  of  each  of  these 
binders  varies  greatly  with  the  locality,  but  there  are  doubtless  places 
where  they  could  compete  with  the  binders  above  mentioned.  Wax 
tailings  could  be  used  with  an  easily  caking  coaL 

Pitch  made  from  producer-gas  tar  is  not  yet  on  the  market,  but  it 
will  produce  excellent  briquets,  with  a  lower  percentage  of  binder 
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than  other  coal-tar  pitches.    It  will  doubtless  be  available  in  the 
future. 

Briquets  excellent  in  all  respects  except  that  they  are  not  water- 
proof can  be  made  by  using  1  per  cent  of  starch  as  a  binder,  the  cost 
of  which  is  20  cents  per  ton  of  briquets  produced.  Extra  care  is  nec- 
essary in  drying  and  handling  these  briquets,  and  this  adds  to  their 
cost. 

The  waste  sulphite  liquor  from  paper  mills  also  produces  excellent 
briquets  except  that  they  are  not  waterproof.  At  present  it  is  a 
troublesome  waste  product  dissolved  in  much  water.  Its  utiUzation 
for  this  purpose  will  bear  further  investigation. 

Of  inorganic  binders,  magnesia  might  be  utilized,  as  its  probable 
cost  would  not  exceed  22  to  30  cents  per  ton  of  briquets  produced. 
Other  inorganic  binders,  while  available  as  regards  price,  would  not 
make  first-class  briquets. 

The  briquetting  of  lignite  coal  offers  a  peculiarly  difficult  problem. 
If  the  lignite  cakes  in  the  fire,  asphaltic  residues  from  petroleum  or 
water-gas  tar  pitch  may  be  used  as  binder,  larger  percentages  being 
required  than  for  ordinary  coals.  The  most  promising  binders  for 
lignites  that  do  not  cake  are  starch,  sulphite  Uquor,  and  magnesia. 
Lignites  may  be  briquetted  without  binder  if  they  are  to  be  burned' 
on  grates  specially  constructed  to  overcome  the  tendency  to  fall  to 
pieces  in  the  fire. 

Attention  is  called  to  the  suggested  method 'of  deciding  as  to  the 
value  of  coal-tar  pitch  for  briquetting  purposes.  The  method  is  like- 
wise applicable  to  asphalts  and  petroleum  residues  generally:  (1) 
The  pitch  or  tar  is  distilled  and  all  oils  coming  off  below  270°  C.  are 
rejected  as  being  of  no  value;  (2)  the  flowing  point  of  the  portion  to 
be  used  in  briquetting  is  determined  (this  should  generally  not  be  less 
than  70**  C);  (3)  the  pitch  is  extracted  with  carbon  disulphide.  The 
smaller  the  amount  of  residual  carbon  the  more  satisfactory  is  the 
pitch.  The  less  readily  the  coal  cakes  the  higher  must  be  the  flowing 
point  of  the  pitch.  If  a  pitch  cracker  is  used,  the  pitch  to  work 
successfully  on  a  hot  simmier's  day  must  have  a  flowing  point  above 
120®  C.  In  the  winter  pitch  with  a  flowing  point  of  100°  C.  may  be 
used.  All  softer  pitches  and  asphalts  have  to  be  melted  and  mixed  in 
liquid  form  with  the  coal. 

A  pitch  with  a  very  high  softening  point,  above  150°  C,  should  be 
either  thinned  or  superheated  in  the  mixer.  The  efficient  use  of  a 
binder  depends  very  largely  on  the  proper  regulation  of  the  conditions 
in  the  mixer.  The  presence  of  low-volatile  compounds  in  the  pitch 
to  be  used  as  a  binder  increases  the  smoke  in  burning;  and  also 
increases  the  tendency  of  the  briquet  to  soften  and  crack  open  in 
advance  of  combustion,  owing  to  the  volatilization  and  escape  of 
these  compounds. 
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The  main  problem  in  briquetting  is  to  find  a  suitable  binding  mate- 
rial at  sufficiently  low  cost.  When  the  difference  in  price  between 
the  slack  coal  and  the  first-class  lump  coal  is  $1,  the  cost  of  briquetting 
should  not  exceed  this  amoimt.  Of  this  the  binder  must  cost  less 
than  60  cents  per  ton,  as  the  cost  of  manufacture  averages  about  40 
cents.  To  leave  out  of  consideration  the  possible  advantages  in  the 
use  of  briquetted  coal  over  run-of-mine  coal,  due  to  the  greater  efl5- 
ciency  and  smokelessness  of  briquets,  it  will  probably  not  be  neces- 
sary to  pay  any  attention  to  binding  materials  costing  $1.25  or  more 
per  ton  of  briquets  produced. 

CHARACTERISTICS  OF  GOOD  BRIQITETS. 

COHERENCE. 

The  briquet  should  be  sufficiently  coherent.  In  France  briquets  are 
tested  for  coherence  as  follows:** 

One  hundred  and  ten  pounds  of  briquets  are  divided  into  100  pieces  of  1.1  pounds 
each,  which  are  placed  in  a  cylinder  36.22  inches  in  diameter  and  39.57  inches  in 
length.  This  cylinder  is  divided  into  three  compartments  by  diametrical  partitions 
and  revolves  at  a  speed  of  26  revolutions  per  minute.  After  being  cbaiged,  it  is 
revolved  for  two  minutes,  and  the  contents  are  thereupon  sifted  upon  a  screen  perfo- 
rated with  holes  1.12  inches  square.  The  proportion  which  does  not  pass  through  this 
screen  indicates  the  degree  of  cohesive  force,  which,  in  the  case  of  the  French  Admi- 
ralty tests,  should  reach  52  per  cent,  or  if  the  fuel  be  intended  for  torpedo  boat  use, 
58  per  cent. 

Briquets  of  any  desired  degree  of  coherence  may  be  made  by  vary- 
ing the  amount  of  binding  material  used  in  the  briquet  and  by  varying 
the  pressure.  An  increase  of  either  the  binder  or  the  pressure,  of 
course,  represents  an  added  cost  in  manufacture.  Experiments  made 
by  M.  W6ry,  of  Paris,''  with  a  Bi6trix  machine  may  be  taken  as 
illustrative: 

Effed,  <m  coherence  of  varying  pressitre  and  anumnt  of  binder. 


PreMure 

InMlo- 

grams  per 

aqu&recen- 

limeter. 

Presaure 

In  pounds 

per  square 

inch. 

Percent 

of  pitch 

used. 

Percent 

of  cohesion 

obtained. 

190 
190 
270 
IdO 
190 
250 

- 

1,844 
2,696 
3,831 
1,844 
2,605 
3,647 

6 
6 
6 
7 

7 
7 

25 
46 
61 
62 
70 
74 

Ordinarily  briquets  may  be  considered  sufficiently  coherent  when 
the  loss  occasioned  by  dust  and  breakage  involved  in  their  use  does 
not  exceed  5  per  cent.  Both  manufacturers  and  consumers  should 
recognize  the  desirability  of  adapting  the  briquet  to  the  use  intended. 


a  Briquets  as  fuel:  Special  Conaular  Report,  vol.  26,  p.  54. 


b  Idem.,  p.  60. 
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HARDNESS  AND  TOUGHNESS. 

The  briquet  should  be  sufficiently  hard;  but  if  too  hard  it  is  like- 
wise brittle,  and  therefore  less  coherent  when  subjected  to  rough 
handling.  It  is  usually  advantageous,  therefore,  to  make  the  briquet 
of  the  minimum  hardness  that  will  suffice  for  the  purpose  in  view.  A 
briquet  can  be  made  harder  by  using  a  binder  with  a  higher  softening 
(melting)  point.  Consequently,  if  pitch  is  used,  the  most  brittle 
pitch  makes  the  hardest  briquet.  Moreover,  a  larger  percentage  of 
the  more  brittle  pitch  is  usually  required. 

The  requirement  of  the  French  Admiralty  is  that  the  briquet  should 
not  soften  at  60"*  C.  (140°  F.).  Ordinarily  it  is  sufficient  that  the 
briquet  shall  not  soften  on  the  hottest  day,  and  shall  behave  satisfac- 
torily on  burning. 

DENSITY. 

It  is  sometimes  specified  that  the  briquet  should  have  a  density  of 
not  less  than  1.19.  Perhaps  a  better  standard  would  require  the 
briquet  to  about  equal  in  density  the  lump  coal  from  which  the  slack 
was  derived,  thus  ranging  from  1.1  to  1.4.  The  density  is  increased 
by  pressure. 

SIZE  AND  SHAPE. 

The  convenience  of  a  briquet  for  a  given  purpose,  and  hence  the 
extent  of  its  use,  will  depend  largely  on  the  size  and  shape.  Atten- 
tion is  therefore  called  to  the  following  points: 

Heavy  rectangular  blocks  allow  a  large  output  for  the  investment 
and  are  consequently  cheaper  to  manufacture.  They  are  convenient 
for  storage.  The  French  naval  estimates  show  that  10  per  cent  more 
in  weight  of  briquets  can  be  stored  in  a  given  space  than  of  liunp  coal, 
and  the  British  Admiralty  reports  show  a  gain  of  as  high  as  20  per 
cent.  Large  rectangular  briquets  have  the  disadvantage  of  large 
smooth  surfaces  and  are  usually  broken  up  when  fed  into  furnaces,  as 
this  appears  to  promote  combustion.  To  facilitate  the  breaking  they 
are  pressed  with  grooves  or  perforations.  This  gives  better  air  cir- 
culation but  decreases  the  output  and  the  possibility  of  storage  by 
just  so  much. 

Prismatic  shapes  with  roimded 'edges  are  most  popular  abroad. 
Either  these  or  ovoid  shapes  of  less  than  2  pounds  weight  are  preferred 
for  domestic  use.  The  rounded  edges  cause  much  less  dust  and 
breakage  on  handling  and  insure  good  air  circulation  and  thorough 
combustion,  but  are  wasteful  in  space  and  make  the  briquet  somewhat 
harder  tc»  ignite. 

The  output  of  hollow,  cylindrical,  polygonal,  and  ball-shaped 
briquets  abroad  is  small,  the  other  shapes  having  proved  more  gener- 
ally preferable. 
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WEATHERING. 

The  briquet  should  stand  long  exposure  to  the  weather  with  but 
little  deterioration.  A  dense  briquet  will  stand  the  weather  better 
than  a  porous  one.  In  the  process  of  manufacture  briquets  are 
liable  to  crack  if  they  lack  the  proper  proportion  of  binder,  or  if  the 
binder  and  coal  particles  have  been  improperly  mixed,  or  if  the  bri- 
quets are  pressed  too  wet,  or  are  insufficiently  pressed.  If  the  coal 
is  finely  ground,  the  briquet  assumes  a  more  dense  and  polished  sur- 
face and  is  then  more  resistant  to  the  weather.  Cracks,  however 
produced,  allow  the  entrance  of  moisture  and  cause  a  rapid  deteri- 
oration of  the  briquet  on  exposure  to  the  weather.  Lignite  briquets, 
owing  probably  to  the  tendency  of  the  Ugnite  to  absorb  water  and 
also  to  the  more  porous  structure  of  the  briquet,  do  not  stand  long 
exposure  to  the  weather  as  successfully  as  other  briquets. 

The  binder  used  must  be  insoluble  in  water.  The  great  obstacle 
to  the  successful  use  of  starch,  molasses,  and  sulphite-Uquor  residues 
as  binders  is  their  solubility,  the  cost  of  rendering  the  briquet  water- 
proof being  usually  prohibitive.  It  is  deserving  of  serious  consider- 
ation whether  or  not  in  certain  dry  portions  of  the  West,  where  fuel 
is  scarce,  the  waterproofing  of  the  briquet  could  not  be  dispensed 
with  altogether  during  the  dry  season,  and  to  a  considerable  extent 
during  the  rainy  season  by  keeping  the  briquets  under  cover. 

With  pitches,  tars,  etc.,  a  slightly  increased  percentage  of  binder 
is  necessary  in  briquets  that  are  to  stand  long  exposure  to  the  weather. 
Further  details  are  given  under  the  discussion  of  the  various  binders. 

ABSORPTION. 

The  briquet  should  not  absorb  more  than  about  3  per  cent  of  mois- 
ture. The  amount  of  moisture  absorbed  is  increased  when  either  the 
slack  itself  or  the  briquet  is  porous,  or  when  the  binder  used  has  a 
tendency  to  attract  moisture. 

BURNING  QUALITIES. 

Readiness  of  ignition. — The  ease  with  which  a  briquet  will  ignite 
depends  largely  on  the  slack  used,  but  can  be  regulated  to  some 
extent.  Large  briquets  ignite  less  readily  than  small  ones.  Sharp 
edges  are  an  aid  to  ignition,  though  this  advantage  is  not  so  great 
as  to  overcome  the  general  preference  for  the  prismatic  and  e^- 
shaped  briquets.  Briquets  made  from  fine  slack  ignite  less  readily 
than  those  from  coarser  slack.  A  dense  briquet  is  also  more  difficult 
to  ignite.  The  use  of  an  inorganic  substance,  such  as  clay  or  mag- 
nesia, as  a  binder,  or  as  a  constituent  of  the  binder,  tends  to  make 
the  briquet  ignite  less  readily.  Increase  of  inorganic  material — that 
is,  ash — in  the  slack  coal  used  produces  the  same  result. 
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Kind  of  flame, — The  briquet  should  bum  with  a  clear,  intense 
flame,  and  without  odor  or  smoke.  The  burning  of  the  briquet  and 
the  flame  produced,  as  well  as  the  smoke  given  oft,  will  depend  lai^ely 
on  the  quality  of  the  slack  coal  used  and  on  the  completeness  of  the 
combustion.  The  completeness  of  combustion  can  be  regulated  to 
some  extent  in  the  manufacture  of  briquets  by  making  them  of  a 
shape  to  insure  a  good  air  circulation  and  by  the  choice  of  a  suitable 
binder.  So  far  as  the  choice  of  a  binder  for  this  purpose  is  concerned, 
the  principle  involved  may  be  sunmied  up  in  the  statement  that  the 
smoke  does  not  depend  on  the  total  amount  of  volatile  matter  in  the 
briquet,  but  only  on  that  part  of  the  volatile  matter  which  escapes 
before  it  is  heated  to  the  kindling  temperature.  In  other  words,  the 
binder  should  not  volatilize  before  the  temperature  is  sufficiently  high 
to  insure  complete  combustion  of  the  gases  formed.  In  general 
terms,  therefore,  a  binder  adds  smoke  in  proportion  to  the  amount 
of  low-boiling  constituents  (oils,  etc.)  that  it  contains. 

Inorganic  binders,  of  course,  produce  no  smoke.  Such  organic 
binders  as  starch,  molasses,  or  sulphite-liquor  residues  likewise  do 
not  volatilize  until  decomposed,  and  hence  do  not  smoke,  or  smoke 
but  little.  Pitches,  tars,  and  petroleum  residues,  when  used  as  bind- 
ers, volatilize,  and  will  cause  smoke  and  possibly  odor  if  the  gases 
formed  are  not  completely  burned.  But  it  is  quite  possible  to  regulate 
the  conditions,  even  when  using  these  bmders,  in  such  a  way  that 
the  briquets  will  produce  less  smoke  than  the  lump  coal  from  the 
screenings  of  which  the  briquet  is  made.  This  is  due  to  the  regular 
shape  of  the  briquet,  which  allows  a  better-regulated  air  supply, 
enabling  more  complete  combustion  to  take  place.  This  reduction 
of  the  smoke  nuisance  is  one  of  the  advantages  to  be  derived  from 
the  use  of  briquets. 

Retention  of  shape, — ^The  quality  of  retaining  its  shape  in  the  fire 
is  very  important  and  depends  on  the  properties  of  both  the  coal 
and  the  binder  used  in  making  the  briquet.  This  point  is  discussed 
more  fully  in  connection  with  the  various  coals  and  binders  examined. 
The  principle  involved  is  very  simple.  The  binder  must  hold  the 
coal  particles  together  until  they  are  sufficiently  softened  to  cohere. 
The  temperature  at  which  different  coals  soften  or  cake  together 
varies  greatly.  Some  bituminous  coals  cake  readily  at  a  low  tem- 
perature, others  less  so.  Semianthracite  coals  follow  next  in  order, 
and  then  anthracite  coals,  some  of  the  very  hard  anthracite  coals 
with  only  a  small  amount  of  volatile  matter  showing  little  tendency 
to  cake.  Lignites  as  a  class  do  not  cake  readily.  Some,  however, 
as  those  from  Oklahoma  or  New  Mexico,  will  cake  sufficiently  at  a 
rather  high  temperature  to  hold  themselves  together.  Others,  as 
some  California,  Texas,  or  North  Dakota  lignites,  show  practically 
no  tendency  to  soften  or  cake  at  any  temperature.    With  such  lig- 
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nites  it  is  extremely  difficult  to  make  a  briquet  that  will  retain  its 
shape  in  the  fire.  Briquets  satisfactory  for  domestic  use,  when  prop- 
erly managed,  can  be  made  from  such  lignites.  These  briquets 
might  be  used  in  a  variety  of  manufactiuing  operations  if  a  grate 
suitably  adapted  to  the  fire  box  is  provided.  For  use  in  a  locomotive 
they  would  be  less  suitable. 

With  a  readily  caking  coal,  a  binder  that  volatilizes  (boils)  at 
a  comparatively  low  temperature  may  be  used.  With  coals  that 
cake  at  higher  temperatiu*es  a  less  volatile  binder  must  be  used  to 
obtain  a  satisfactory  result  in  the  fire.  With  a  lignite  that  does  not 
cake,  the  only  binder  that  will  enable  the  briquet  to  retain  its  shape 
until  completely  consumed  is  an  inorganic  binder  which  does  not 
volatilize  at  all — ^unless,  indeed,  sufficient  binder  is  added  to  prac- 
tically coke  the  briquet.  With  such  lignites,  organic  binders  that  do 
not  volatilize,  such  as  starch,  molasses  (in  the  form  of  waste  residues 
from  the  sugar  factories),  sulphite-liquor  residues  from  the  paper 
mills,  etc.,  give  results  that  are  fairly  satisfactory,  the  briquet  retain- 
ing its  shape  until  the  binder  is  itself  decomposed.  As  the  inorganic 
binders  add  ash  and  the  other  nonvolatile  binders  mentioned  are  not 
waterproof,  it  would  seem  generally  better,  wher3  commercially  pos- 
sible, to  mix  a  coal  that  will  not  cake  of  itself  with  a  sufficient  quan- 
tity of  caking  coal.  Then  when  a  suitable  binder  is  used  the  briquet 
will  retain  its  coherence  in  the  fire  by  the  softening  of  the  caking  coal 
used.  The  relation  between  the  caking  of  a  coal  and  its  constitu- 
tion is  not  well  understood. 

Percentage  of  ash. — The  amount  of  ash  left  when  the  briquet  is 
burned  is  the  sum  of  that  contained  in  the  slack  and  in  the  binder 
used.  Organic  binders,  as  a  rule,  contain  a  smaller  percentage  of 
ash  than  the  slack  coal,  and  therefore  slightly  decrease  the  total  per- 
centage of  ash  in  the  briquet.  When  inorganic  binders  are  used  the 
ash  thus  added  is  a  decided  disadvantage. 

In  some  foreign  countries  only  6  per  cent  of  ash  is  permitted  under 
many  of  the  contracts  for  briquets.  When  the  ash  content  of  the 
slack  exceeds  6  per  cent  it  is  therefore  quite  common  abroad  to  wash 
the  slack  coal  before  briquetting.  This  saves  freight  on  an  incom- 
bustible material,  saves  binder,  and  gives  in  every  way  a  better  and 
more  concentrated  fuel.  In  this  country,  where  good  coal  is  so 
much  cheaper  than  abroad,  it  will  probably  not  usually  prove  feasi- 
ble to  wash  the  slack  coal. 

EVAPORATION  RESULTS. 

Theoretically  the  heating  value  of  a  briquet  is  the  sum  of  the  heat- 
ing values  of  the  coal  and  of  the  binder;  and  it  can  not  possibly 
exceed  this  amount.  Organic  binders  usually  equal  or  exceed  in 
heating  value,   weight  for  weight,  the  slack  coal  used.     Usually, 
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therefore;  they  increase  the  total  heat  in  a  given  weight  of  fuel,  but 
owing  to  the  small  percentage  of  binder  added,  this  increase  is  rela- 
tively slight.  But  the  briquets  have  the  advantage  over  the  coal  in 
that  their  burning  is  accompanied  with  less  waste  and  they  permit  a 
better-regulated  and  more  complete  combustion  to  take  place.  In 
this  way  the  heating  value  actually  obtained  from  the  fuel,  weight 
for  weight  (and  this,  of  course,  is  the  important  consideration),  may 
be  materially  increased  by  the  manufacture  of  the  fuel  into  briquets. 
This  increased  heating  value  of  the  briquets  over  that  of  the  slack 
used  thus  becomes  a  matter  of  practical  importance. 

The  evaporation  results  should  at  least  equal  those  of  the  best 
lump  coal  from  the  screenings  and  dust  of  which  the  briquet  was 
made. 

COin>ITIONS  GOVERNING  THE  USE  OF  BINBEBS. 
MAXIMUM  COST  ALLOWABLE  FOR  BINDER. 

The  output  of  a  briquet  plant  depends  to  a  very  great  extent  on 
the  size  of  the  briquets  manufactured.  The  cost  of  labor  depends 
greatly  on  the  size  and  arrangement  of  the  plant  and  on  the  wages 
paid,  which  will  vary  considerably  in  different  localities.  The  price  of 
slack  coal  and  of  the  different  binders  is  even  more  dependent  on  the 
locaHty.  An  approximate  idea  of  the  total  cost  of  manufacture, 
exclusive  of  the  cost  of  the  slack  coal  and  the  binder  used,  is  here 
presented,  in  order  to  consider  intelligently  estimates  which  may  be 
made  of  the  maximum  allowable  cost  of  the  binder,  it  being  obviously 
useless  to  investigate  a  binder  that  could  never  be  commercially  used 
on  account  of  its  cost.  E.  Loze^  estimates  the  cost  for  manufacture 
in  France  at  33  to  40  cents  per  ton.  Schorr  ^  states  that  the  cost  in 
France  is  24  to  34  cents  per  ton;  in  Germany,  22  cents  to  24  cents; 
and  in  England,  24  cents.  Estimates  of  the  cost  in  the  eastern  and 
western  parts  of  the  United  States  are  as  follows: 

Estimated  cost  per  ton  of  manufacture  of  briquets  in  the  United  States  {excluMve  of  hinder 

and  of  coal  briquetted). 


Labor,  inclusive  of  stacking. 

Oil  and  grease 

Sundry  stores 

Steam  (fael) 

Depreciation 


Western 

Eastern 

Stotes. 

States. 

10.16 

10.  ao 

.006 

.01 

.01 

.01 

.04 

,17 

.05 

.10 

.266 


Considering  30  to  50  cents  per  ton,  therefore,  as  being  approximately 
the  cost  of  manufacture,  it  appears  that  when  the  difference  in  price 


a  Eng.  and  Mln.Jour.,  vol.  76, 1903,  pp.  277,  431. 
b  Trans.  Am.  Inst.  Mln.  Eng.,  vol.  36, 1004,  p.  100. 
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between  the  slack  coal  and  the  first-class  lump  coal  is  SI,  the  binder 
must  cost  less  than  50  to  70  cents  per  ton.  Good  briquets  would 
probably  find  in  many  places  a  market  at  a  price  shghtly  advanced 
over  that  of  the  corresponding  lump  coal  from  the  screenings  of 
which  the  slack  was  derived.  Yet  it  is  evident  that  the  main  problem 
in  briquetting  is  to  find  a  suitable  binding  material  at  a  cost  suffi- 
ciently low.  A  binding  material  costing  as  much  as  SI  per  ton  of 
briquets  produced  could  be  used  profitably  in  but  few  places  in  the 
United  States.  Even  allowing  for  future  possible  greater  variation 
in  price  between  the  coal  and  the  slack  it  is  not  necessary  to  pay 
attention  to  any  binding  material  costing  above  $1.25  per  ton  of 
briquets  produced. 

QUALITIES  DBSIRED  IN  BINDERS. 

It  is  needless  to  say  that  a  desirable  binder  should  make  a  good 
briquet  and  should  make  it  cheaply.  The  characteristics  of  a  good 
briquet  have  already  been  pointed  out.  It  will  not,  perhaps,  be  too 
great  a  repetition  to  summarize  here,  in  the  approximate  order  of 
their  importance,  the  desirable  qualities  of  a  binder,  as  follows: 

1 .  It  must  be  sufficiently  cheap  to  make  the  manufacture  of  briquets 
profitable. 

2.  It  must  bind  strongly,  producing  a  briquet  sufficiently  hard, 
but  not  too  brittle. 

3.  It  must  hold  the  briquet  together  satisfactorily  in  the  fire. 

4.  It  must  produce  a  briquet  sufficiently  waterproof  to  stand  the 
conditions  of  use. 

5.  It  should  not  cause  smoke  or  foul  smelling  or  corrosive  gases, 
or  foul  the  flues. 

6.  It  should  not  increase  the  percentage  of  ash  or  clinker. 

7.  It  should  increase,  or  certainly  not  diminish,  the  heat  units 
obtainable  from  a  given  weight  of  fuel. 

EFFECT  OF  QUALITY  OF  BINDER  ON  THE  BRIQUET. 
SCOPE  OF  THE  INVESTIGATIONS. 

The  behavior  of  a  large  number  of  different  coals  with  a  few  binders 
and  of  a  few  coals  with  a  large  number  of  different  binders  has  been 
very  carefully  studied.  Tests  were  made  with  each  coal  and  with 
each  binder  until  the  percentage  of  binder  required  to  produce  a  satis- 
factory briquet  with  that  coal  was  determined.  The  behavior  of  the 
briquets  in  the  fire  and,  when  necessary,  in  water  was  noted.  The 
binders  used  were  examined  as  to  their  chemical  or  physical  prop- 
erties and  such  modification  of  the  binder  was  made  as  seemed  likely 
to  produce  more  efficient  results. 

The  conclusions  that  follow  are  submitted  as  the  net  result  of  the 
studies  thus  outlined. 
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FHTSICAL  RELATION   OF   GOAL  AND  BINDER. 

The  relation  between  the  coal  and  the  binder  is  purely  physical. 
Chemical  action,  if  coining  into  play  at  all,  is  so  sUght  in  amount  as 
to  be  wholly  neghgible.  Moreover,  the  properties  of  the  binder  are 
not  greatly  changed  by  the  mutual  solubihty,  or  surface  action,  of  coal 
and  binder  at  the  surface  of  the  coal. 

The  above  statements  are  shown  to  be  true  by  the  fact  that  if  the 
coals  are  arranged  in  a  series  according  to  the  percentage  of  one  binder 
required,  they  will  retain  that  same  order  when  other  binders  are  used, 
even  when  these  binders  are  of  the  most  diverse  nature.  The  experi- 
ments of  Constam  and  Rougeot^  show  that  the  soluble  portion  of 
the  binders  (various  pitches)  could  be  extracted  from  the  briquets 
practically  quantitatively  with  carbon  disulphide,  and  that  this 
reagent  extracted  at  the  most  only  0.7  per  cent  from  the  coal. 

The  properties  of  the  briquet  are  the  properties  of  the  coal  plus  the 
properties  of  the  binder,  and  the  combination  of  the  two  in  briquetting 
does  not  materially  change  the  properties  of  either.  Not  only  is  this 
observation  true  of  briquets  at  ordinary  temperatures,  but  it  is  also 
confirmed  by  their  behavior  in  the  fire.  The  decomposition  of  the 
binder  caused  by  the  heat  may  alter  its  character  to  some  extent,  but 
never,  so  far  as  the  writer  has  observed,  sufficiently  to  mask  its  original 
character.  The  action  of  the  briquet  in  air  and  in  water  also  con- 
firms the  truth  of  the  above  observation. 

QUALITIES   OF  BINDER  IMPARTED  TO  BRIQUET. 

If  the  binder  is  brittle  the  briquet  will  be  relatively  brittle  at  the 
same  temperature.  Thus  rosin,  hard  pitches,  asphalts,  cements,  etc., 
make  briquets  that  are  hard,  but  they  break  easily  from  a  sharp 
blow  or  fall.  Liquids  such  as  coal  tar,  creosote,  asphalt  tar,  etc., 
make  briquets  that  do  not  break  easily  from  a  fall,  but  they  yield  so 
readily  to  pressure  as  to  be  useless.  Comparable  percentages  of 
binder  being  used,  the  toughest  briquet — that  is  to  say,  the  briquet 
that  will  stand  the  most  rough  usage — ^is  made  with  a  binder  that  at 
ordinary  temperature  twists  easily  and  pulls  into  threads,  that  will 
cut  with  a  knife  rather  than  break,  and  that  flows  very  slowly,  taking 
some  time  to  assume  the  shape  of  the  container.  Such  a  binder  is 
sufficiently  elastic  not  to  be  brittle  and  is  sufficiently  stiff  not  to  yield 
to  cUmatic  changes  of  temperature.  Binders  that  have  been  exam- 
ined fulfilling  this  condition  are  pine-wood  tar  (12),^  water-gas  tar 
pitch  (39),  wax  tailings  (40),  and  residuiuns  from  petroleum,  often 
designated  as  asphalts  (37  A,  37  B,  and  37  C).  Satisfactory  briquets 
are  made  with  3  to  5  per  cent  of  the  above  binders.     If  the  coal  does 

a  Zeltscbr.  f .  asgew.  Cbemie,  vol.  17,  No,  26,  p.  1. 
ft  Numbers  refer  to  list  on  p.  22. 
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not  cake  readily  a  binder  with  a  higher  melting  point  would  be 
required  to  make  the  briquet  retain  its  shape  in  the  fire. 

.  BEHAVIOR  WHEN   HEATED. 

The  binder  will  soften  when  in  the  briquet  as  soon  as  it  is  heated 
to  the  temperature  at  which  it  softens  when  outside  of  the  briquet. 
Such  softening  wiU  not  be  so  apparent,  however,  for  the  binder  exists 
in  the  briquet  as  a  veiy  thin  coating  over  the  grains,  and  if  it  melts 
to  a  thick,  sticky  liquid,  rather  than  to  a  limpid  one,  its  cohesive 
power  in  the  state  of  a  liquid  is  still  very  great.  But  it  must  be 
borne  in  mind  that  all  briquets  have  a  temperature  of  maximum 
weakness  in  the  fire.  This  temperature  lies  in  the  interval  between 
the  melting  or  destruction  of  the  binder  and  Uie  softening  of  the  coal 
as  it  commences  to  cake.  If  the  coal  softens  at  a  high  temperature 
the  binder  must  melt  at  a  relatively  high  temperature  to  give  satis- 
factoiy  results  in  the  fire.  If  the  coal  does  not  cake  at  all,  then  the 
binder  must  not  melt  at  all,  or  be  destroyed  by  the  heat,  if  a  per- 
fectly coherent  briquet  at  all  temperatures  is  desired.  ^Only  inor- 
ganic binders  could  fulfill  this  condition,  and  their  use  is  objectionable. 
Organic  binders  that  do  not  melt,  such  as  starch,  etc.,  give  the  best 
results  in  the  fire  with  a  noncaking  coal,  but  are  not  waterproof. 

In  a  furnace  the  briquet  does  not  become  thoroughly  heated 
throughout  at  the  same  time,  and  as  the  binder  near  the  surface  of 
the  briquet  melts  and  passes  out  as  a  gas,  the  binder  in  the  next 
interior  layer  of  the  briquet  to  some  extent  takes  its  place,  and  so  on. 
In  this  way  the  briquet  is  held  together  until  the  coal  at  its  surface 
softens  and  cakes.  When  this  happens  the  briquet  commences  to 
regain  its  strength  and  with  many  coals  soon  becomes  stronger  than 
when  placed  in  the  fire. 

The  binder  will  volatiUze  out  of  the  briquet  and  appear  as  a  gas 
as  soon  as  it  reaches  the  temperature  at  which  it  boils  when  outside 
of  the  briquet  and  in  the  pure  condition.  If  this  happens  much  below 
the  kindling  temperature  of  the  gas  some  smoke  and  odor  will  be 
caused,  and  the  smoke  and  odor  may  to  a  large  extent  be  taken  as 
proportional  to  the  low-boiling  oils  in  the  binder — at  least  so  far  as 
the  smoke  is  caused  by  the  binder  and  not  by  the  coal. 

SOLUBILITY. 

If  the  binder  used  is  to  any  extent  soluble  in  water  the  briquet 
will  not  withstand  exposure  to  wet  weather.  The  binder  will  go  into 
solution  as  surely,  though  more  slowly,  in  the  briquet,  as  when  it 
exists  in  the  pure  condition  outside  of  the  briquet,  unless  the  briquet 
is  in  some  way  rendered  waterproof. 
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QUANTITY  OF    BINDER   NECESSARY. 
SURFACE  TO  BE  COATED. 

The  fact  that  the  binder  exists  unchanged  in  the  briquet,  its  office 
being  solely  to  coat  the  grains,  fill  up  void  spaces  between  the  grains, 
and  by  its  adhesive  and  cohesive  properties  hold  the  briquet  together, 
points  to  the  following  conclusions. 

The  amount  of  binder  required  will  depend  on  the  amount  of  sur- 
face to  be  coated,  and  the  amount  of  surface  will  depend  on  the  size 
of  the  grains,  on  their  density  (that  is,  the  density  of  the  dry  coal),  and 
on  the  capillary  pores  in  the  coal.  The  theoretical  relation  between 
the  amount  of  surface  to  be  coated,  the  size  of  the  grains,  and  the 
density  of  the  coal  can  be  easily  computed. 

Let  t&«  weight  of  coal  taken.  Suppose  the  grains  of  coal  to  be 
spheres,  and  let  r  =  radius  of  the  sphere.  Let  d  =  density  of  the  coal. 
Then  the  volume  of  the  sphere  is  #  nr  r".  The  weight  of  the  sphere 
is  I  nr  r"  (2.     The  number  of  grains  of   coal  in  the  weight  of  coal 


taken  is 


V) 


i  TV  r^  d. 


The  surface  of  each  grain  is  4  ;r  r*,  and  the  total 
3w 


surface  to  be  coated  is     _ 

t  rd. 

That  is,  the  amount  of  surface  to  be  coated  varies  inversely  with 
the  density  of  the  coal  and  inversely  with  the  diameter  of  the  grains. 
The  same  law  can  be  shown  to  apply  whatever  the  shape  of  the  grains. 

The  practical  bearing  of  this  relation  is  important.  Thus,  suppose 
a  coal  of  density  1.4  requires  6  per  cent  of  pitch  to  make  a  satisfac- 
tory briquet.  Then  a  coal  of  density  1.1,  other  things  being  the  same, 
would  require  7.63  per  cent  of  pitch,  or  1.63  per  cent  more  pitch  than 
is  required  by  the  denser  coal.  This  is  one  reason  why  lignite  coal 
with  a  low  specific  gravity  requires  more  binder  than  the  average 
coal. 

The  variation  in  the  size  of  the  grains  of  coal  has  an  even  greater 
influence  on  the  amount  of  binder  required.  The  table  below  shows 
the  relative  amount  of  surface  to  be  coated  in  coal  slack  of  varying 
degrees  of  fineness: 

Relation  between  tize  of  grains  and  amount  of  surface. 


Number  of 

meshes  to 

inoh. 

Diameter 
of  wire 
(looh). 

SiEeof 
meeh  (mil- 
limeters). 

Relative 

amount  of 

surface. 

Number  of 

meshes  to 

inch. 

Diameter 
of  wire 
(inch). 

Size  of 
mesh  (mil- 
limeters). 

Relative 

amount  of 

surface. 

1 

0.131 
.103 
.079 
.027 
.01660 
.01375 
.01025 
.00900 

35.400 

12.700 

&350 

2.0U0 

1.000 

.670 

.500 

.310 

1 

2 

4 

12.7 
25.4 
37.9 
5a8 
81.9 

80 

a  00675 
.00450 
.00235 

0.230 
.170 
.065 
.005 
.0025 
.00075 
.00025 

110 

3 

100 

150 

4 

200 

300 

10 

5,080 

20 

10,160 

30 

33,900 

40 

101,600 

50 
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It  will  thus  be  seen  that  coal  slack  which  will  just  pass  a  20-me8h 
sieve  has  6.35  times  as  much  surface  to  be  coated  as  the  same  weight 
of  slack  crushed  so  as  to  pass  a  screen  of  }-inch  mesh,  and  that  coal 
passing  a  200-mesh  sieve  has  75  times  the  surface  of  coal  just  passing 
the  i-inch  mesh.  The  veiy  finest  dust,  having  a  diameter  of  0.00025 
millimeter,  has  25,400  times  the  surface  of  coal  just  passing  the 
J-inch  mesh. 

This  consideration  is  not  purely  theoretical.  The  remark  of 
Wagner,*  that  it  took  20  per  cent  of  pitch  to  briquet  certain  fine  coal 
dust,  is  illustrative  of  its  practical  bearing.  The  degree  of  fineness  of 
the  slack  coal  used  is  one  of  the  main  factors  in  determining  the  per- 
centage of  binder  necessary  to  produce  a  satisfactory  briquet. 

To  illustrate  this  point,  mention  is  here  made  of  a  fact  shown  later, 
that  all  coal-tar  pitches  contain  a  certain  amoimt  of  carbon  (soot), 
which,  being  in  a  very  finely  divided  condition,  is  not  only  inert  so  far 
as  binding  the  coal  together  is  concerned,  but  itself  requires  a  binder. 
Owing  to  the  dustlike  condition  of  this  carbon  its  effect  on  the  binding 
power  of  the  pitch  for  the  coal  is  most  marked.  Thus,  although  a 
coal-tar  pitch  (28  6)  that  contained  14  per  cent  of  this  inert,  finely 
divided  carbon  made  a  satisfactory  briquet  with  Illinois  No.  4  coal 
when  6  per  cent  of  the  pitch  was  used,  yet  another  coal-tar  pitch 
(28  I)  containing  37  per  cent  of  the  inert  carbon  failed  to  make  a 
satisfactory  briquet  with  the  same  coal  when  14  per  cent  of  the  pitch 
was  used.  On  the  market  the  pitches  sell  at  approximately  the  same 
price.  The  serious  mistake  made  in  crushing  coal  slack  too  fine  is 
apparent. 

Fine  crushing  of  the  coal  slack  gives  the  briquet  a  smoother  sur- 
face that  is  more  resistant  to  the  weather;  but  this  increase  in  the 
quality  of  the  briquet  is  usually  obtained  at  too  great  a  cost,  owing 
to  the  additional  binder  required,  as  explained  above.  Fine  crushing 
also  makes  the  briquet  somewhat  harder  to  ignite. 

Capillary  pores  increase  the  amount  of  siurf  ace  to  be  coated  and  the 
amount  of  void  space  to  be  filled,  and  this  is  probably  another  reason 
why  lignites  require  more  binder  than  hard  coals. 

It  is  interesting,  in  this  connection,  to  note  that  with  all  binders 
the  coherence  in  .the  briquets  at  first  increases  but  slowly  with  increase 
in  the  proportion  of  binder.  Then  suddenly  the  coherence  increases 
very  rapidly  and  the  briquets  become  strong.  Then  when  an  excess 
of  binder  is  added  the  increase  in  strength  is  again  only  slight.  The 
curve  takes  the  form  indicated  in  the  accompanying  diagram  (fig.  1). 
The  explanation,  of  course,  lies  in  the  fact  that  at  first  there  is  not 
enough  binder  to  coat  all  the  grains  of  coal  and  there  can  be  little 
coherence.  When  sufficient  binder  has  been  added  to  coat  the  grains, 
the  strength  increases  rapidly.    After  the  grains  have  been  well 

A  CMflfer'8  Magazine,  voL  11, 1806,  p.  28. 
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coated  there  is  little  further  gain  in  strength  with  the  use  of  additional 
binder. 

PEBGENTAOE   OF   VOIDS. 

The  amount  of  binder  will  depend  on  the  amount  of  void  space  to 
be  filled.  There  should  always  be  enough  of  the  finer  coal  and  coal 
dust  present  to  fill  the  spaces  between  the  larger  grains^  or  binder 
will  be  required  to  fill  these  spaces.  Thus  Wagner  also  found  that  a 
very  large  amount  of  binder  was  required  to  bind  coal  slack  of  a 
uniform  size,  five-sixteenths  to  three-eighths  inch  in  diameter.  CUff  ord 
Richardson,  in  a  recent  book  on  ''Modem  asphalt  pavements/'  gives 
a  calculation  by  Dr.  G.  F.  Becker,  of  the  United  States  Geological 
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Percentage  of  binder 

Fio.  1.— Curve  ahowlng  relation  between  percentage  of  binder  (water^as  tar  pitch)  and  coherence  of 
briquet.    Other  binders  ahow  similar  curves,  but  with  difltorent  percentages. 

Survey,  as  to  the  amount  of  void  space.  This  calculation  is  in 
outline  as  follows: 

Consider  four  spheres  in  a  plane  so  arranged  that  the  Unes  joining 
their  centers  form  a  square,  and  four  other  spheres  above  them.  A 
cube  is  formed  by  the  lines  joining  the  centers  of  the  eight  spheres. 
If  r  is  the  radius  of  a  sphere,  then  the  volume  of  the  cube  is  8  r"  and 
the  void  space  is  8  r*  — #  «'  r*,  and  the  percentage  of  void  space  is 

g-p =  l  —  g  — 0.4764.    If  the  spheres   are  placed   obliquely, 

then  the  area  of  the  parallelogram  joining  their  centers  is  2  r*  ^3,  and 
multiplying  this  by  the  height  of  a  tetrahedron  formed  by  the 
centers  of  four  spheres  when  three  are  placed  in  contact  in  one  plane 
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and  the  fourth  is  placed  on  them,  we  have  for  the  volume  of  the 
prism  4     2    r*.     Then  for  the  percentage  of  voids  we  will   have 

t — ^  y^     f  ^  1  _  _^  ^  0.2595. 

4^2r»  3^2 

From  these  results  it  will  be  seen  that  the  amount  of  void  space 
between  grains  of  uniform  size  is  independent  of  the  size  of  the  grains. 
In  practice,  however,  even  shot  will  not  pack  quite  so  closely  as  the 
theory  indicates,  as  is  shown  by  the  experiments  of  Richardson,  who 
found  that  with  shot  the  percentage  of  void  space  was  about  32.* 

With  grains  of  sand  of  uniform  size  but  of  irregular  shape  Richardson 
found  the  void  space  to  average  43.6  per  cent.  It  may  be  said, 
therefore,  that  in  briquetting  coal,  56.4  per  cent  of  the  total  weight 
of  the  slack  should  be  in  grains  about  one-fourth  inch  in  diameter. 

It  is  interesting  to  obtain  some  idea  of  the  desirable  fineness  of  the 
remaining  coal  particles.  Without  giving  the  calculation  in  detail 
we  may  say  that  theoretically  the  spheres  fitting  in  the  spaces  between 
the  lai^er  spheres,  and  the  yet  smaller  spheres  fitting  into  the  void 
places  then  left  can  be  calculated.  The  calculation  shows  that  if  r 
represents  the  radius  of  the  large  sphere  there  would  be  for  every 
large  sphere  one  smaller  sphere  having  a  radius  of  .4142  r,  two  spheres 
having  a  radius  .2247  r,  five  spheres  having  a  radius  .1763  r,  and 
eight  spheres  having  a  radius  .1543  r.  The  volume  occupied  by  these 
smaller  spheres  will  be  11.14  per  cent  of  the  total  voliune,  and  since 
the  large  spheres  occupy  74.05  per  cent  of  the  total  volume,  we 
would  have  about  15  per  cent  of  void  space  to  be  filled  in  by  yet 
smaller  spheres.  With  irregular  grains  the  results  would  not  follow 
the  theoretical  percentages;  but  in  a  general  way  it  is  apparent  that 
although  it  is  advantageous  to  have  a  large  percentage  of  the  grains 
coarse  (say  60  per  cent  of  J-iJich  diameter),  yet  a  considerable 
amount  (say  40  per  cent  passing  a  20-mesh  sieve)  of  the  finer  slack 
and  dust  must  be  present  to  fill  the  voids. 

The  coal  used  in  briquetting  being  already  for  the  most  part  fine 
slack,  the  best  practical  results  will  be  obtained  by  not  breaking  any 
of  the  lumps  that  are  larger  than  one-fourth  inch  in  diameter  more 
than  is  necessary  to  bring  them  to  that  diameter  and  by  not  crushing 
the  finer  coal  at  all. 

THIGE37BSS   OF   GOATINO. 

The  amount  of  binder  necessary  will  depend  on  the  thickness  of  the 
coat  of  binder  over  the  surface  of  the  grains  of  coal.  The  thickness 
of  the  coat  of  binder  required  will  vary  both  with  the  coal  and  the 

•  This  is  partly  accounted  for  by  the  fact  that  the  dlsousslon  of  Doctor  Becker  does  not  ooiuiderthe 
contact  of  the  spheres  with  the  walls  of  the  container.— J.  E.  M. 
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binder,  but  principally  with  the  binder.  In  general,  it  may  be  said 
that  the  binder  should  be  dissolved  or  heated  until  it  is  in  the  condi- 
tion of  a  thin  liquid  capable  of  wetting  the  grains,  somewhat  as  water 
would.  With  the  harder  pitches  or  asphalts,  and  similar  binders, 
superheated  steam  for  the  mixers  is  a  matter  of  necessity  for  economical 
working,  for  otherwise  the  binder  does  not  become  sufficiently  hquid 
to  spread  in  a  thin  coat  and  is  therefore  wasted. 

OTHER  CONSIDERATIONS. 

The  amount  of  binder  required  will  depend  to  a  slight  extent  on 
that  portion  of  the  coal  which,  being  soluble  in  carbon  disulphide, 
may  be  regarded  as  '* bitumen''  and  as  having  some  binding  power. 
Constam  and  Rougeot^  never  found  the  amount  of  carbon  disulphide 
extract  to  exceed  0.7  per  cent,  and  probably  with  most  coals  the 
amount  is  negligible. 

If  the  coals  are  arranged  in  a  series  according  to  the  percentage  of 
one  binder  required  they  will  retain  that  same  order  in  the  series 
when  other  binders  are  used.  Furthermore,  if  the  equivalent  per- 
centages of  different  binders  are  determined  for  one  coal  then  these 
equivalent  percentages  can  be  used  for  all  coals,  slight  modifications 
only  being  sometimes  necessary.  An  advantageous  arrangement 
would  be  to  place  coals  as  ordinates  and  binders  as  abscissas  in  a 
table,  and  then  the  percentages  of  any  binder  required  with  any  coal 
could  be  read  directly. 

ULBORATORY  INVESTIGATIONS  OF  VARIOITS  BINDERS. 

METHODS  AND  SCOPE  OP  THE  EXAMINATION. 

DETEBMINATION  OF  PEBOENTAGE  OF  BINDER. 

In  order  to  determine  in  the  laboratory  the  percentage  of  pitch 
necessary  to  briquet  a  given  coal,  20  grains  of  coal,  unless  otherwise 
stated  in  the  detailed  report,  was  weighed  out,  mixed  with  the  chosen 
percentage  of  binder,  and  placed  in  a  Battersea  crucible.  A  small 
amount  of  water  was  then  added  and  the  mixture  heated,  with  suffi- 
cient stirring  to  mix  the  binder  and  coal  thoroughly,  until  steam  came 
off  freely  and  only  a  small  amount  of  water  was  left  in  the  coal.  The 
mixture  while  still  hot  was  pressed  in  a  small  laboratory  hand  press, 
on  which  a  pressure  of  3,500  to  4,000  poimds  per  square  inch  was 
usually  obtained.  Each  briquet  made  weighed  about  5  grams,  and 
thus  four  briquets  were  obtained  as  representing  the  test.  The  per- 
centage of  binder  was  varied  in  subsequent  tests  until  the  correct 
percentage  to  produce  a  satisfactory  briquet  was  determined. 

The  percentage  of  binder  was  always  calculated  on  the  weight  of 
the  coal,  consequently  the  percentage  calculated  on  the  weight  of  the 

a  Zeitsohr.  f .  sogew.  Chemie,  vol.  17,  No.  26.  p.  1. 


4}.  Excellent  briquet;  would  stand  rough 

handling. 
5.  A  briquet  stronger  than  neceeaary. 
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briquet  produced  would  be  somewhat  less.  This  is  a  matter  of  no 
consequence,  however,  as  the  method  of  grading  the  briquet  was 
purely  relative. 

DBTEBMINATION  OF  COHEBENGB. 

The  examination  of  the  small  briquets  produced  was  somewhat 
crude — their  coherence  being  determined  by  the  way  in  which  they 
crushed  or  broke.   •  The  briquets  were  graded  by  numbers  as  follows: 

1.  Very  slight  coherence. 

2.  Slight  coherence. 

3.  Coherent,  but  not  satis&ictory. 

4.  Satisfactory. 

It  was  found  somewhat  difficult  to  compare  extremely  hard  and 
brittle  briquets  with  others  not  brittle  but  too  soft.  In  all  tests  the 
intention  was  to  produce  a  relative  grading  in  which  4  would  repre- 
sent a  satisfactory  briquet  for  ordinary  use.  In  actual  work  the 
coherence  of  the  briquet  could  be  varied  to  suit  the  demand  of  the 
customer,  but  in  no  case  probably  would  such  variation  exceed  the 
range  represented  by  the  numbers  3}  to  4^. 

LIST   OF  MATEBIALS   STUDIED. 

The  materials  used  to  bind  the  particles  of  coal  together  may  be 
either  organic  or  inorganic,  and  a  very  large  number  of  substances 
have  at  various  times  been  suggested  and  used  for  this  purpose. 

A  list  of  the  binders  which  have  been  examined  is  given  below. 
An  effort  has  been  made  to  include  in  this  list  all  binders  which  it 
was  thought  might  be  used  commercially  in  the  United  States,  as  well 
as  certain  other  substances  which  seemed  fitted  to  throw  light  on  the 
laws  governing  the  action  of  the  binder.  Attempt  was  made  to  study 
such  modifications  and  combinations  of  the  different  binders  as  it 
seemed  might  produce  more  efficient  commercial  results.  For  these 
latter  modifications  and  combinations  reference  must  be  had  to  the 
detailed  report. 

INOROANIC  BINDERS. 

(1)  Clay,  (2)  lime,  (3)  magnesia,  (4)  magnesia  cement  (magnesium  oxide  and  mag- 
nesium chloride),  (5)  plaster  of  Paris,  (6)  Portland  cement,  (7)  natural  cement,  (8) 
slag  cement,  (9)  water  glass. 

ORGANIC  BINDERS. 

Wood  products. — (10)  Rosin,  (11)  pitch  (rosin  and  tar),  (12)  pine-wood  tar,  (13) 
hard-wood  tar,  (14)  Douglas  fir  tar,  (15)  wood  pulp,  (16)  sulphite  liquor  (from  paper 
mills). 

Sugar-factory  reMuu, — (17)  Beet  pulp,  (18)  lime  cake,  (19)  beet-sugar  molaases,  (20) 
cane-sugar  molasses. 

Starch.— (2\)  Corn  starch,  (22)  potato  starch. 

Slaughter-houae  refuBt, 
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Ton  and  jntehesfrom  coal.—(2S)  Blast-furxiace  tar,  (24)  producer-gaa  tar,  (25)  illu- 
minating-gaB  tar,  (26)  by-product  coke-oven  tar,  (27)  coal-tar  creosote,  (28)  various 
grades  of  pitches  £iom  various  tars. 

Natural  asphalts.— (^0)  Impsonite,  (31)  gflsonite,  (32)  maltha,  (33)  refined  Trinidad, 
(34)  refined  Bennudez,  (35)  hard  and  refined  asphalts  (from  impregnated  sandstones, 
etc.). 

Petroleum  products. — (36)  Crude  oil,  (37)  residuum  (asphalts,  etc.),  (38)  water-gas 
tar,  (39)  water-gas  tar  pitch,  (40)  wax  tailings,  (41)  acid  sludge,  (42)  asphalt  tar,  (43) 
Pintsch  gas  tar,  (44)  Pittsburg  flux. 

INORGANIC  BINDERS. 

OENEBAL   STATEMENT. 

The  great  disadvantage  of  inorganic  binders  is  that  they  all  add 
ash  to  the  fuel.  This  means  freight  on  just  so  much  noncombustible 
material,  less  heat  return  for  a  given  weight  of  fuel  consumed,  and  an 
added  amount  of  ash  on  the  grate.  All  briquets  made  with  inor- 
ganic binders  are  weak  when  first  pressed  and  strengthen  only  grad- 
ually. Inorganic  binders  possess  the  advantage  that  they  are  not 
volatile,  and  hence  the  briquets,  even  when  made  from  a  noncaking 
coal  or  lignite,  will  stand  up  well  in  the  fire  without  disintegration. 
They  also  have  a  tendency  to  lessen  the  smoke  produced.  This  is 
due  to  the  fact  that  the  binder  enables  a  somewhat  slower  and  more 
complete  combustion  to  take  place  and  does  not  itself  contribute  any 
smoke  to  the  fuel. 

Another  slight  advantage  sometimes  claimed  for  certain  of  the 
inorganic  binders,  such  as  lime,  water  glass,  and  magnesia,  results 
from  the  tendency  of  the  calcium,  sodium,  and  magnesium  to  combine 
with  the  sulphur,  thus  diminishing  the  escape  of  the  sometimes  objec- 
tionable oxidation  products  of  that  substance.  This  action  would 
be  the  same  if  the  calcium,  etc.,  existed  in  the  binder  in  chemical  com- 
bination, as  it  occurs  in  calcium  resinate.  (See  "Rosin,''  p.  30.) 
For  the  purpose  of  testing  the  above-mentioned  claim,  a  briquet 
was  made  with  Indiana  No.  8  coal  and  4  per  cent  of  magnesium 
oxide.  The  briquet  was  dried  and  then  burned.  The  sulphur  in  the 
ash  (determined  by  the  kindness  of  Mr.  Somermeier)  was  found  to 
amoimt  to  0.44  per  cent.  As  the  sulphur  in  the  coal  was  3.72  per 
cent,  it  is  evident  that  only  a  small  fraction  of  the  sulphur  is  retained  by 
the  magnesium  oxide  used  as  a  binder.  The  same  would  probably  also 
hold  true  for  calcium  and  sodium  compounds.  It  is  thought,  there- 
fore, that  the  advantage  thus  gained  is  not  great  enough  to  merit 
consideration  in  practice. 

Evidently  the  disadvantage  resulting  from  the  addition  of  any 
large  percentage  of  an  inorganic  binder  is  too  great  to  justify  its  use 
except  as  a  matter  of  great  saving  in  cost,  or  as  a  matter  of  necessity, 
in  order  to  hold  together  in  the  fire  some  entirely  noncaking  coal  and 
produce  a  low  grade  of  fuel  therefrom. 
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The  essential  resiilts  of  the  tests  made  with  the  different  coals  and 
binders  are  assembled  in  the  table  at  the  end  of  this  report,  wherein 
is  shown  the  percentage  of  binder  necessary  to  produce  a  satisfactory 
briquet  with  the  coal  considered. 

The  work  of  the  laboratory  can  be  regarded  as  sufficient  so  far  as 
the  negative  results  are  concerned,  but  in  all  cases  where  the  labora- 
tory work  seemed  to  promise  commercial  results  the  experiments 
should  be  repeated  on  a  larger  scale. 

The  inorganic  substances  which  were  tested  are  the  only  inorganic 
materials  whose  use  as  a  binder  on  a  commercial  scale  seemed  even 
so  remotely  possible  as  to  warrant  testing  in  the  laboratory.  A  list 
of  other  inorganic  substances  which  have  been  suggested  as  binders, 
or  as  possible  constituents  of  binders,  would  include  chalk,  alum, 
ammonium  chloride  (sal  ammoniac),  copper  sulphate,  sodium  hydrox- 
ide, sulphur,  potassium  nitrate,  calcium  chloride,  etc.  That  all  these 
substances  are  totally  imfit  for  such  purpose  appears  at  once  from  a 
knowledge  of  their  properties,  and  they  were  not  considered  further. 

DETAILED  DESCEIPTION. 

1.  Clay, — The  tests  shown  in  the  table  (pp.  51-52)  were  made  with 
a  good  sample  of  potter's  clay  obtained  through  Dr.  J.  H.  Pratt.  Clay 
is  cheaper  than  coal  and  its  cost,  considered  as  a  binder,  is  therefore 
a  minus  quantity. 

The  briquets  when  first  taken  from  the  press  were  extremely  weak, 
many  of  them  breaking  while  being  taken  out.  The  full  pressure 
could  not  be  given,  for  the  coal  would  crush  through  the  narrow, 
practically  closed  space'between  the  molds  and  the  bed  plate.  After 
drying,  the  briquets  were  hard  and  rather  brittle.  In  water  they  fell 
to  pieces  completely  and  quickly.  In  the  fire  they  hardened  and 
stood  up  well,  except  those  made  of  the  noncaking  lignite,  California 
No.  1,  which  nevertheless  stood  up  far  better  than  with  most  binders 
and  in  comparison  ^th  the  usual  behavior  of  this  lignite  could  be 
called  very  satisfactory. 

Clay  was  used  as  a  binder  at  one  of  the  first  plants  established  in 
this  country,  the  Loiseau  plant  at  Port  Richmond,  Pa.  Trouble  was 
experienced  with  the  press  used,  the  briquets  when  first  made  show- 
ing weakness.  This  was  finally  overcome,  but  the  binder  was  aban- 
doned owing  to  the  expense  of  drying  and  waterproofing  the  product. 
Briquets  made  at  this  plant  with  clay  were  said  to  be  very  satisfactory 
in  the  fire. 

Any  press  using  clay  for  a  binder  would  probably  have  to  be 
specially  adjusted.  Owing  to  the  large  addition  of  ash,  and  to  the 
expense  of  drying  and  waterproofing  the  briquet,  it  is  improbable 
that  clay  will  ever  prove  advantageous  as  a  binder.     If  used  alone  it 
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can  only  be  for  the  manufacture  of  a  poor  grade  of  fuel,  incapable  of 
standing  any  exposure  to  rain. 

Clay  in  connection  with  other  binders  may  be  regarded  as  an 
adulteration  of  very  doubtful  value  to  the  consumer. 

2.  Lime. — Lime,  or  rather,  milk  of  lime,  Ca(OH)„  has  often  been 
suggested  as  a  binder,  and  is  said  to  have  been  used.  The  tests 
shown  in  the  table  were  made  with  calcium  oxide  known  to  be  chem- 
ically pure.  In  these  tests  the  lime  was  mixed  dry  with  the  coal,  and 
then  water  was  added.  In  some  of  the  tests  an  excess  of  water  was 
added  and  later  boiled  off;  in  others  an  excess  of  water  was  added 
and  then  squeezed  out  in  the  press;  and  in  yet  others  only  sufficient 
water  was  added  to  thoroughly  moisten  the  mass.  After  drying,  all 
the  briquets  were  very  weak,  those  in  which  the  largest  percentage  of 
calcium  oxide  was  used  being  the  worst.  They  finally  disintegrated, 
merely  from  exposure  to  the  air. 

From  these  tests  it  is  difficult  to  understand  how  it  is  possible  to 
use  lime  alone  to  make  a  briquet.  For  further  experiments  with 
lime  see  "Rosin,'*  (p.  30). 

3.  Magnesia. — ^The  sample  of  magnesia  tested  was  a  light,  calcined 
magnesium  oxide.  In  the  tests  shown  in  the  table  (pp.  51-52)  the 
magnesium  oxide  was  mixed  with  the  coal  and  then  a  sufficient  amount 
of  water  was  added.  In  some  tests  the  briquet  was  pressed  cold 
and  in  others  more  or  less  of  the  water  was  evaporated.  The  results 
show  that  3  to  5  per  cent  of  this  binder  would  make  a  satisfactory 
briquet,  except  with  certain  lignites.  The  briquets  are  very  hard 
and  would  stand  heavy  pressure,  but  are  brittle  if  less  than  4  per  cent 
of  binder  is  used.  In  water  the  briquets  go  to  pieces,  though  far  less 
rapidly  than  those  made  with  clay.  In  the  fire  they  behaved  very 
well,  some  being  satisfactory  even  when  only  2  per  cent  of  binder  was 
used. 

In  the  United  States  magnesite,  from  which  magnesia  is  obtained, 
is  found  only  in  California,  where  the  production  of  magnesium  oxide 
in  recent  years  has  been  as  follows : 


Quantity  and  value  of  magnesia  produced  in  Uu  United  States,  1901-1906. 


Year. 

Quantity. 

Value 
per  ton. « 

Year. 

Quantity. 

Value 
per  ton.  a 

igoi 

Short  toM. 
1,666 
1,349 
1,750 

$7.56 
7.56 
7.27 

1904 

Short  tons. 
1,357 
1,873 
3,714 

98.22 

1902... 

1905 

9.70 

1003 

1906 

7.56 

a  Based  on  value  of  raw  magnesite,  with  10  percent  added  to  cover  cost  of  manufacture  of  magnesium 
oxide  therefrom,  being  a  suggestive  approximation  only. 

The  production  could  be  greatly  increased,  several  million  tons  of 
the  magnesite  being  now  in  sight.     The  mineral  is  calcined  for  the 
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prodyction  of  carbon  dioxide,  leaving  the  magnesia,  which  is  used 
principaUy  for  covering  steam  and  heating  pipes,  by  paper  millsi 
and  in  the  manufacture  of  bricks  for  lining  open-hearth  furnaces  and 
converters. 

At  the  price  prevaiUng  in  1903,  the  cost  of  3  per  cent  of  this  binder 
would  be  about  22  cents  per  ton  of  briquets  produced.  Three  or  four 
per  cent  of  ash  added  to  the  fuel  would  not  be  greatly  injurious,  and 
the  binder  would  possess  an  advantage  over  organic  binders  in  hold- 
ing the  briquet  together  in  the  fire  and  in  reducing  the  smoke. 

The  claim  that  the  magnesia  in  the  briquet  reduces  the  amount  of 
sulphur  that  escapes  from  the  coal,  as  already  pointed  out  (p.  23), 
seems  to  be  of  no  practical  importance. 

It  seemed  possible  that  coke  breeze  might  be  briquetted  with  this 
binder,  the  briquets  to  be  used  in  the  place  of  coke  in  the  furnace. 
Laboratory  experiments  on  this  point,  however,  gave  imsatisf actory 
results,  as  follows: 

Results  of  briquettinff  coke  breeze  with  magnesia. 


Percent- 
age of 
binder. 

Grade 

ofooher- 

enoe.a 

3 
4 

e 

8 

3 
8 
4 

H 

a  See  p.  22. 

In  water  the  briquet  with  6  per  cent  of  magnesia  behaved  fairly 
well  and  that  with  8  per  cent  splendidly,  but.  in  the  fire  the  briquet 
with  4  per  cent  was  unsatisfactory,  that  with  6  per  cent  was  only 
fair,  and  that  with  8  per  cent  was  very  hard  to  ignite. 

For  results  of  experiments  with  mixtures  of  magnesia  and  organic 
binders  see  p.  49. 

4.  Magnesia  cement, — In  1880  Dr.  A.  Gurlt  recommended  a  binding 
material  consisting  of  30  parts  of  45  per  cent  magnesium  chloride, 
30  parts  of  93  per  cent  magnesium  oxide,  and  60  parts  of  water.  He 
used  5  per  cent  of  this  material  and  says  that  it  produced  a  stronger 
briquet  than  any  other  and  that  it  adds  only  2.5  per  cent  of  ash.  The 
statement  as  to  the  amount  of  ash  (magnesium  oxide)  added  is  cor- 
rect. The  formula  on  examination,  leaving  out  the  water,  is  found 
to  reduce  to  SMgO.MgCl,.  The  evidence  on  which  this  formula  was 
taken  as  the  most  advantageous  for  the  cement  is  not  stated.  The 
results  reported  in  the  following  table  are  based  on  the  proportions 
shown  for  the  formulas  therein  given: 
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Results  of  briquetting  Illinois  No.  11  B  coal  ^  with  varying  formulas  of  binder. 


Calculated  for  2  per  cent 
of  maKneriliiin  oxide  in 
theaan. 

Calculated  for  3  per  cent 
of  macneBium  oxide  in 
theasQ. 

Fomnila. 

Amount  of  binder 
per  gram  of  coal. 

Grade 

of  oo- 

her- 

enoe.b 

Amount  of  binder 
per  gram  of  coal. 

Grade 

of  oo- 

ber- 

enoe.a 

Remarks. 

MgO. 

MbCI, 
6HsO. 

MgO. 

MffClt 
6HsO. 

ifgO.Mgf^ifl     

Oram. 

0.0100 
.0133 
.0150 
.0160 
.0167 
.0171 
.0176 
.0200 

Oram. 
0.0600 
.0334 

.oefio 

.0200 
.0167 
.0145 
.0127 
.0000 

2 
2 
3 
3 
3 
3 

Oram, 

o.o\m 

.0200 
.0225 
.0240 
.0250 
.0256 
.0262 
.0300 

Oram. 
0.0750 
.0500 
.0375 
.0300 
.0250 
.0216 
.0100 
.0000 

3 
3 
3 
3 

H 
3 

a 

3 

ZMffO.HsCli 

3Mgo.MKClt 

Stronger  than  preced- 

4KgO.MgCU.'l.!"!. 

ing. 

SMgO.MgCU 

6MgO.MgClt 

Apparently  of  about 
1    equal  strength. 

TMiO.MiClfl 

MgD...:;... 

^^O^*  •■•■••••••"""""" 

o  Bituminous  coal  (one-half  run  of  mine,  one-half  lump)  from  shaft  near  CarterviUe,  Williamson 
County,  111.    For  description,  analysis,  and  tests  see  Bull.  u.  S.  Geol.  Survey  No.  290, 1006. 
b  See  explanation  under  *'  Determination  of  coherence  "  (p.  22). 

In  these  tests  the  magnesium  oxide  was  mixed  dry  with  the  coal, 
and  then  the  magnesium  chloride  (dissolved  in  water)  was  added. 
As  already  stated;  the  method  of  testing  the  small  briquets  made 
does  not  allow  of  minute  differences  being  noted,  but  the  results 
showed  clearly  an  increase  of  strength  until  the  proportion  given 
by  Doctor  Gurlt  and  represented  by  the  formula  SMgO.MgCl,  was 
reached.  On  still  further  decreasing  the  proportion  of  the  magne- 
sium chloride  the  briquets  apparently  did  not  grow  either  weaker  or 
stronger.  Magnesium  oxide  is  cheaper  than  the  chloride,  and  in  view 
of  the  results  obtained  there  is  considerable  doubt  as  to  the  advan- 
tage of  adding  the  chloride.  The  addition  of  the  chloride  is  said  to 
make  a  more  quickly  setting  cement,  and  one  that  is  more  insoluble, 
owing  to  the  formation  of  an  oxychloride  of  magnesium,  but  the 
statement  is  not  verified.  The  magnesium  chloride  would  also  have 
the  disadvantage  of  losing  its  chlorine  in  the  fire,  and  this  might 
come  off  either  free  or  combined  with  hydrogen  as  hydrochloric 
(muriatic)  acid.  In  either  case  the  resulting  gas  is  exceedingly  cor- 
rosive and  would  greatly  injure  the  boiler  flues.  Possibly  all  of  the 
chlorine  would  be  retained  by  the  coal  ashes,  but  it  is  a  matter  of  grave 
doubt. 

In  the  fire  briquets  made  with  3  per  cent  of  magnesia  cement  of 
the  formula  SMgO.MgCl, — that  is,  3  per  cent  after  calculating  the 
formula  to  MgO — stood  up  well.  In  water  they  disintegrated  after 
some  time.  It  was  not  evident  that  the  briquets  with  magnesia 
cement  of  this  formula  behaved  any  better  in  water  than  briquets 
made  with  the  same  ash  percentage  of  magnesium  oxide  alone,  if 
indeed  they  behaved  so  well. 

Magnesium  chloride  is  ordinarily  sold  in  the  market  in  the  crystal- 
lized form  MgCl,.6H,0.  This  grade  is  quoted  at  S20  per  ton  in  large 
lots  in  New  York.  It  is  not  produced  to  any  considerable  extent  in 
this  country,  but  should  the  demand  arise  could  probably  be  made 
from  the  California  magnesite  without  increasing  the  cost. 
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All  the  briquets  made  with  the  magnesia  cemeut  were  very  hard  but 
very  brittle.  They  would  stand  great  pressure,  but  apparently 
would  not  stand  rough  handling,  when  only  5  per  cent  of  the  cement 
is  used,  as  recommended  by  Doctor  Gurlt. 

5.  Plaster  of  Paris. — Gypsum,  the  mineral  from  which  plaster  of 
Paris  is  produced,  is  widely  distributed  in  the  United  States.  In 
1903  the  production  was  264,196  tons,  valued  at  $4.08  per  ton. 

The  tests  shown  in  the  table  (p.  51)  were  made  with  plaster  of 
Paris  which  was  first  mixed  with  the  coal.  Sufficient  water  was 
added  to  thoroughly  moisten  the  mass,  and  then  pressure  was  applied, 
the  excess  of  water,  if  any,  running  out  in  the  press.  The  briquets 
were  very  hard,  but  also  brittle,  and  would  not  stand  rough  handling 
imless  at  least  12  per  cent  of  binder  was  used.  Even  these  were  not 
first-class  briquets.  In  the  fire  the  briquet  with  12  per  cent  of 
binder  held  together  perfectly,  and  would  have  held  together  with  a 
smaller  percentage.  In  water  the  briquet  went  to  pieces  more 
rapidly  than  was  expected. 

Although  even  12  per  cent  of  plaster  of  Paris  in  a  briquet  would 
not  be  prohibitive  as  regards  cost  (50  cents  per  ton  of  briquets  pro- 
duced), it  would  be  as  regards  the  addition  of  ash,  and  would  more- 
over cause  a  much  slower  combustion  of  the  briquet.  A  briquet 
with  6  per  cent  shows  considerable  coherence  and  might  be  satis- 
factory for  some  purposes.  For  results  of  experiments  with  mixtures 
of  plaster  of  Paris  and  organic  binders  see  page  49. 

6.  PorOand  cement,— la  1903,  22,342,973  barrels  of  Portland 
cement,  weighing  400  poimds  gross  each,  were  produced  in  the  United 
States.  The  average  value  per  barrel  was  $1.24,  and  allowing  20 
pounds  tare  for  the  barrel,  the  value  per  ton  was  $6.52. 

The  sample  of  Portland  cement  tested  was  obtained  from  Mr. 
Richard  L.  Humphrey  and  was  a  mixture  of  seven  well-known 
brands,  constituting  what  has  been  termed  typical  cement.  In  the 
first  tests  made  the  cement  was  mixed  with  the  coal,  then  an  excess 
of  water  was  added  and  largely  boiled  off,  after  which  the  coal  was 
pressed.  The  results  not  being  satisfactory,  in  subsequent  tests  less 
water  was  added  and  the  mixture  was  not  heated,  but  the  results 
were  only  a  little  better.  In  the  fire  briquets  with  12  per  cent  of 
binder  held  together  well,  and  a  smaller  percentage  would  have  been 
sufficient.  In  water  the  briquets  went  to  pieces  somewhat  more 
rapidly  than  those  made  with  plaster  of  Paris. 

This  binder  is  more  expensive  and  certainly  no  better  than  plaster 
of  Paris.  For  results  of  experiments  with  mixtures  of  Portland 
cement  and  organic  binders  see  page  49. 

7.  Natural  cement. — In  1903  the  production  of  natural  cement  in 
the  United  States  was  7,030,271  barrels,  of  300  pounds  gross  weight 
each.  The  average  value  was  $0,522  per  barrel,  equivalent  to  $3.73 
per  ton,  allowing  20  pounds  tare  for  the  barrel. 
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The  tests  were  made  with  a  sample  from  Louisville,  Ky.,  which 
was  mixed  dry  with  the  coal  and  then  sufficient  water  was  added 
before  pressing.  The  results  were  very  nearly  the  same  as  with 
Portland  cement,  the  briquets  being  hard  and  brittle.  In  the  fire 
the  briquets  held  together  excellently,  but  in  water  they  would  not 
stand  up  particularly  well.  Natural  cement  would  make  a  cheap 
binder  but  would  have  to  be  used  in  such  large  quantity  as  to  be 
very  objectionable. 

8.  Slag  cement, — In  1903,  525,896  barrels  of  slag  cement,  of  380 
poimds  net  weight  each,  worth  $1.03  per  barrel,  equivalent  to  $3.42 
per  ton,  were  manufactured  in  the  United  States.  Tests  were  made 
with  slag  cement  as  with  the  other  cements,  the  residts  indicating 
its  inferiority  to  either  the  Portland  or  the  natural  cement  as  a 
binder  for  coal  slack. 

9.  Water  glass. — Water  glass,  or  sodium  silicate,  is  produced  to  a 
considerable  extent  in  the  United  States,  32,651  tons  having  been 
manufactured  in  1900,  with  an  average  value  of  $12.74  per  ton. 

It  is  said  that  this  material  will  make  coherent  briquets  when  0.75 
to  1  per  cent  is  used.  Two  different  samples  were  tested.  The 
requisite  amoimt  was  dissolved  in  hot  water  and  mixed  with  the  coal, 
any  large  excess  of  water  was  boiled  off,  and  then  the  briquets  were 
pressed.  The  results  were  unsatisfactory  even  when  12  per  cent  of 
binder  was  used.  The  experiments  were  then  repeated  with  less 
water  and  no  heat,  but  the  results  obtained  were  no  more  satisfactory. 
When  the  sodium  silicate  was  analyzed  one  sample  was  found  to  con- 
tain only  86  per  cent  of  the  requisite  amount  of  silica  and  13.4  per 
cent  of  the  requisite  amoimt  of  sodium  required  by  the  formula  for 
the  normal  silicate  (Na4Si04).  The  other  sample,  which  behaved 
only  a  little  better,  showed  on  analysis  11.1  per  cent  of  Na,0  and 
27.4  per  cent  of  SiO,.  These  poor  analyses  may  accoimt  to  some 
extent  for  the  lack  of  success  obtained  with  the  water  glass,  but  the 
results  are  apparently  sufficient  to  show  that  it  is  not  suitable  for  use 
as  a  commercial  binder. 

ORGANIC  BINDERS. 
WOOD   PRODUCTS. 

10.  Rosin. — In  1900,  300,000  tons  of  rosin,  valued  at  $17.02  per 
ton,  were  produced  in  the  United  States.  Of  this  amount,  according 
to  the  Census  report,  only  7.6  per  cent  was  used  for  domestic  con- 
sumption. In  1905  the  price  of  rosin,  for  even  the  lower  grades,  A 
to  C,  had  risen  to  $29  per  ton. 

Rosin  consists  mainly  of  abietic  acid  or  similar  isomeric  acids  or 
anhydrides.  The  formula  of  this  acid  is  given  as  approximately 
C4oHe«04,  and  its  acid  equivalent  as  145  to  185.  This  means  that  if 
calcium  oxide  is  used  to  neutralize  the  acid  0.0725  to  0.0925  gram 
should  be  added  to  1  gram  of  the  rosin  to  form  calcium  resinate. 
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The  density  of  rosin  ranges  from  about  1.07  to  1.08.  Rosin  softens 
at  80^  C.  and  melts  to  a  limpid  liquid  at  100^  C.  The  melting  point 
of  abietic  acid  is  stated  to  be  165^  C.  Rosin  is  entirely  soluble  in 
carbon  disulphide. 

The  sample  of  rosin  tested  melted  at  100^  C.  The  tests  made  are 
shown  in  the  table  (pp.  51-52).  The  briquets  withstood  exposure  to 
the  weather  well  and,  except  those  made  with  Ugnites,  were  satisfac- 
tory in  the  fire,  though  inclined  to  smoke. 

An  attempt  was  made  to  see  if  the  addition  of  lime  woidd  improve 
the  binding  qualities  of  the  rosin.  Three  grams  of  rosin  mixed  with 
0.25  gram  of  lime  melts  to  a  thicker  mass,  more  brittle  than  the  rosin 
alone.  If  the  amount  of  lime  is  increased  to  0.50  gram  the  brittle- 
ness  is  very  much  increased.  Experiments  made  on  Illinois  No.  6  B 
coal,  with  varying  proportions  of  lime  and  rosin,  gave  the  following 
results: 

Rewits  of  briquetting  Illinois  No.  6  B  coal^  with  varying  proportions  of  rosin  and  lime. 


First  serlM: 

Lime  Added giun 

Grade  of  cohereooe  b 

Second  Mriea: 

Lime  added gram 

Orade  of  coherenoe 


Feroentage  of  roaln  need. 


2. 

4. 

6. 

8. 

ao88 

2 

a067 
3 

0.1 
3} 

a  133 

0.066 
2 

a  134 

2J 

a2 

3 

a2m 

3 

a  Bltumlnoufl  coal  from  Coffeen,  Montgomery  Coimtj.    For  deecrlptlon,  anal78is>  and  tests  see 
Ball.  U.  8.  Geol.  Survey  No.  290, 1906. 
ft  See  p.  22. 

As  20  grams  of  coal  were  used  the  lime  added  in  the  first  series  was 
just  sufficient  to  react  with  the  rosin.  The  increase  of  lime  appears 
from  the  above  results  to  be  detrimental,  and  the  experiments  were 
therefore  not  carried  further.  It  appears  that  6  per  cent  of  rosin  will 
be  necessary  to  produce  a  satisfactory  briquet  with  most  coals,  and 
inasmuch  as  rosin  is  now  worth  about  $29  per  ton  its  use  as  a  binder 
is  improfitable.  Nor  is  it  likely  that  it  will  again  become  cheap 
enough  to  permit  its  use  as  a  binder,  either  alone  or  in  combination 
with  other  materials,  such  as  tar. 

11.  Pitch, — Owing  to  fluctuations  in  the  price  of  rosin,  pitch,  which 
is  a  mixture  of  rosin  and  tar,  is  variable  in  cost.  In  1905  a  good 
grade  of  navy  pitch  was  quoted  at  about  $35  per  ton  in  St.  Louis. 
The  sample  of  pitch  tested  was  of  this  grade.  For  the  results  of  the 
tests  made  see  table  on  pages  51-52. 

Only  3  or  4  per  cent  of  this  pitch  is  necessary  to  produce  a  satis- 
factory briquet.  The  briquets  stood  the  weather  well  and,  except 
those  made  with  the  lignites,  proved  satisfactory  in  the  fire. 

The  improvement  of  rosin  as- a  binder  by  the  addition  of  tar  might 
have  been  predicted  from  the  principles  laid  down,  for  rosin  alone  is 
too  brittle  to  produce  a  tough  briquet  with  a  low  percentage  of  binder. 
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and  thinning  the  rosin  with  a  heavy  oil,  such  as  tar,  thus  making  it 
less  brittle,  would  doubtless  be  advantageous.  However,  even  where 
only  3  per  cent  of  pitch  is  necessary  to  produce  a  satisfactory  briquet 
its  cost  will  probably  always  forbid  its  use. 

12.  Pine-^wood  tar. — No  accurate  data  as  to  the  amount  of  tar  pro- 
duced m  the  United  States  could  be  obtained.  The  census  of  1900 
reported  84  wood-distillation  plants,  but  these  were  mostly  using 
hard  woods.  The  tar  produced  should  be  from  4  to  10  per  cent  of 
the  weight  of  the  hard  wood  used,  but  no  record  of  the  output  was 
made,  the  tar  being  mainly  burned  under  the  retorts.  The  number 
of  distillation  plants  in  the  South  using  pine  wood  has  been  consider- 
ably increased  since  the  census  of  1900,  and  plants  have  also  been 
erected  to  use  fir  in  the  northwest.  Both  pine  and  fir  yield  much 
largerT)ercentages  of  tar  than  the  hard  woods,  and  it  may  be  that  in 
the  future  the  tar  'obtainable  from  these  sources  will  be  available  for 
briquetting  plants  in  neighboring  sections  of  the  country.  The  cen- 
sus for  1900  showed  exports  of  36,535  barrels  of  tar  and  pitch,  valued 
at  $77,082,  or  $15  per  ton.  Pine  tar  is  quoted  at  6  to  10  cents  per 
gallon,  equivalent  to  $13.80  to  $23  per  ton. 

In  the  distillation  of  wood  various  grades  of  oils  and  tars  at*e  pro- 
duced, depending  both  on  the  wood  used  and  on  the  manner  of  dis- 
tillation. An  examination  of  representative  samples  of  these  various 
grades  was  undertaken  in  order  to  determine  their  value  for  briquet- 
ting  purposes  and  also  to  determine  how  the  product  could  best  be 
made  suitable  for  such  purposes. 

A  solid  pine-tar  residuum,  obtained  from  Summerville,  S.  C,  was 
designated  12  A.  The  final  results  of  the  tests  made  with  this  binder 
are  shown  in  the  table  (pp.  61-52) .  All  the  briquets  except  those  made 
of  lignite  behaved  satisfactorily  in  the  fire.  The  pitch  softened  at  80° 
to  90°  C.  to  a  very  sticky  mass  that  apparently  should  bind  well,  but 
some  of  the  briquets,  even  with  10  and  12  per  cent  of  the  binder,  were 
too  brittle,  although  they  were  sufficiently  hard.  The  poor  results 
with  this  binder  were  attributed  to  the  high  percentage  of  carbon  in 
the  pitch  and  to  the  failure  of  the  pitch  to  spread  well  over  the  grains 
of  coal.  The  pitch  dissolved  readily  in  either  wood-tar  creosote  or 
coal-tar  creosote.     The  following  tests  were  made : 

Results  of  briqv£Uxng  Arkaruas  and  Illinois  coeds  toith  vanning  proportions  of  pine- 
wood  tar  and  creosote  oU. 


Binder  (percent). 

Coal. 

Pine-wood 
tar  12  A. 

Wood 

creosote 

oil. 

Coal-tar 

creosote 

oil. 

Grade  of 
coherenoe.a 

i    i 

2 

? 

Arkansas  A 

2 

2* 

Illinois  No.  U  B 

2 

4 

a  See  p.  22. 
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As  was  to  be  expected,  these  briquets  smoke,  but  they  stand  up 
satisfactorily  in  the  fire.  The  experiments  show  the  improvement 
which  may  be  made  by  thmning  a  pitch  to  the  proper  consistency. 
This  holds  also  for  coal-tar  pitches,  as  will  be  seen  later. 

The  pitch  here  discussed  is  a  waste  product,  but  being  produced 
at  only  a  few  plants  is  not  available  in  quantity. 

A  sample  of  very  thick  pine-wood  tar,  obtained  from  Cheraw,  S.  C, 
was  designated  12  B.  Its  flowing,  point  was  45^  C.  and  only  3  per 
cent  was  volatile  below  270^  C,  the  volatile  portion  being  mostly 
water.  This  tar  had  a  density  of  1.07.  The  results  of  the  experi- 
ments made  with  it  are  summarized  in  the  table  (pp.  51-52). 

The  briquets  produced  some  smoke,  but  were  satisfactory  in  the 
fire  except  when  made  with  lignite.  They  stood  the  weather  well. 
This  tar  may  prove  an  available  binder  for  some  briquet  plants  It 
is  obtainable  at  many  wood-distillation  plants  at  prices  ranging 
from  $15  to  $20  per  ton,  and  as  only  3  to  4  per  cent  is  necessary  to 
produce  a  satisfactory  briquet  with  most  coals  the  binder  would 
range  in  price  from  45  to  80  cents  per  ton  of  briquets  produced. 

Another  sample,  of  a  sUghtly  more  mobile  tar  than  12  B,  obtained 
from  the  same  plant,  was  designated  12  C.  Its  flowing  point  was 
42^  C.  and  its  density  1.05.  About  14  per  cent  of  this  tar  distilled 
below  270°  C.  The  results  of  the  experiments  with  it  are  given  in  the 
table  (pp.  51-52).  This  tar  is  obtainable  from  any  of  the  wood-dis- 
tillation plants  that  could  furnish  tar  like  the  sample  12  B,  and  would 
command  about  the  same  price.  It  contains  a  Uttle  more  of  the 
low-boiling  oils — that  is,  those  distilling  below  270°  C. — than  sample 
12  B,  and  requires  about  1  per  cent  more  of  the  tar  to  produce  a 
satisfactory  briquet. 

A  sample  of  pine  tar  obtained  at  St.  Louis,  Mo.,  was  designated 
12  D.  It  was  Uquid  at  20°  C.  and  had  a  density  of  1.14.  Qn  distil- 
lation about  10  per  cent  came  off  below  200°  C.  and  25  per  cent  below 
270°  C.     The  following  experiments  were  tried: 

Rendts  of  briquetiing  Illinois  No.  6  B  coal  with  binder  It  D. 


Percental 
of  binder. 

Grade  of 
coherenoe.a 

2 

4 

6 

8 

12 

3 
3 
3 
3 

4 

a  See  p.  22. 


The  tar  was  evidently  too  liquid  to  produce  satisfactory  briquets. 
The  residue  left  after  distillation  at  270°  C.  was  then  tested  and 
gave  a  satisfactory  briquet  with  Illinois  No.  6  B  coal  when  only  4 
per  cent  of  binder  was  used. 
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Another  sample  of  pine-wood  tar,  obtained  from  a  wood-distilla- 
tion  plant  at  Dimbar,  S.  C,  was  designated  12  E.  It  was  found  that 
about  5  per  cent  of  this  tar  would  produce  a  satisfactory  briquet 
with  Illinois  No.  6  B  coal. 

Another  sample  of  pine-wood  creosote,  obtained  from  Cheraw, 
S.  C,  was  designated  12  F.  This  sample  was  liquid  at  20°  C.  and 
had  a  density  of  1.12.  On  distillation  about  20  per  cent  by  volume 
came  off  below  112°  C,  the  distillate  being  mostly  water,  and  21  per 
cent  more  came  off  below  270°  C.  At  310°  C.  the  residue  swelled 
up  and  frothed  over.  The  briquets  made  with  this  binder  were  not 
satisfactory,  the  reason  being  that  the  creosote  was  so  thin  that  the 
briquets  were  easily  crushed.  They  smoked  in  the  fire,  gave  off  the 
odor  of  creosote,  and  did  not  stand  up  well.  The  residuum  left.after 
the  distillation  of  the  creosote  had  been  carried  to  270°  C.  was  tested 
with  Illinois  No.  6  B  coal,  the  coherence  being  3  and  4  with  6  and  8 
per  cent  of  binder,  respectively. 

A  sample  of  pine-wood  creosote,  obtained  from  a  plant  at  Dim- 
bar,  S.  C,  designated  12  G,  was  not  tested,  being  similar  to  12  F, 
with  which  no  satisfactory  results  could  be  obtained.  Another 
sample  of  turpentine  oil  obtained  from  the  same  plant,  designated 
12  H,  was  evidently  of  no  value  for  briquetting  purposes. 

13.  Hard-Avood  tar, — The  sample  of  hard-wood  tar  examined  was 
a  rather  thin  liquid  even  at  the  ordinary  temperature,  and  could  not 
therefore  make  a  sufficiently  hard  briquet.  It  had  a  density  of  1.10. 
The  following  tests  were  made: 

Remits  of  briquetting  Illiruns  No.  6  B  coal  with  hard-wood  tar. 


Percent- 

Grade of 

age  ol 

coher- 

binder. 

eDoe.(> 

2 

2 

4 

2 

6 

3 

8 

3 

12 

3i 

a  See  p.  22. 

On  distillation  below  112°  C.  the  tar  gave  off  8  per  cent  of  water; 
from  112°  to  270°  C.  it  yielded  44  percent  more  of  a  light  oil  and  of 
reddish  paraflSn  oils.  On  testing  the  residue  a  satisfactory  briquet 
was  obtained  with  Illinois  No.  6  B  coal  when  8  per  cent  was  used  as 
a  binder.  It  is  concluded,  therefore,  that  the  residue  left  from  hard- 
wood tar  after  distillation  to  270°  C,  where  it  is  obtainable,  could 
be  used  advantageously  for  briquetting. 

14.  Fir  tar, — The  sample  of  fir  tar  tested  was  obtained  from  a 
wood-distillation  plant  in  the  State  of  Washington.  On  distillation 
the  tar  gave  off  8  per  cent  below  270°  C.    The  results  of  the  teste 
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are  shown  in  the  table  (p.  51).     As  will  be  seen,  the  tar  produces 
satisfactory  briquets  when  6  per  cent  is  used. 

Concerning  the  use  of  wood  tar  in  general  for  briquetting,  the  con- 
clusions to  be  drawn  are  that  the  distillation  of  the  tar  should  in 
general  be  carried  to  270°  C,  and  the  residue,  which  will  be  either  a 
thick  tar  or  a  soft  pitch,  should  be  used.  The  briquetting  qualities 
of  a  tar  thus  prepared  will  vary  considerably  with  the  source  of  the 
tar.  Pine  tar  is  best,  about  4  per  cent  being  required;  fir  tar  comes 
next,  about  6  per  copt  being  required;  and  lastly,  hard-wood  tar, 
about  8  per  cent  being  required  to  produce  a  satisfactory  briquet. 
The  work  has  not  been  extended  to  a  sufficient  niunber  of  samples 
of  tar  to  make  the  above  conclusions  as  regards  the  percentage  of 
each*tar  required  absolutely  certain,  but  the  percentages  given  will 
serve  as  the  basis  for  a  rough  estimate  of  the  cost  of  wood  tar  as  a 
binder.  In  some  localities  this  product  might  compete  successfully 
with  other  binders. 

15.  Wood  pulp. — The  claim  has  been  made  that  cellulose,  which  is 
the  main  constituent  of  prepared  wood  pulp,  has  binding  properties, 
but  a  few  experiments  point  to  the  conclusion  that  its  use  is  wholly 
impracticable.  Possibly  the  term  was  confused  with  lignocellulosei 
the  lignone  groups  affording  the  main  constituents  of  the  sulphite 
liquor  discussed  in  the  next  section. 

16.  Sulphite  liquor. — In  the  manufacture  of  paper,  wood  pulp  is 
treated  with  sulphurous  acid  to  remove  certain  lignone  groups,  which 
combine  with  the  SO3H  and  are  then  removed  in  the  waste  water, 
in  which  they  are  soluble.  This  waste  liquor,  amounting  to  ten  or 
twelve  times  as  much  as  the  cellulose  fiber  produced,  jrields  on 
evaporation  an  average  of  9  to  10  per  cent  of  soUd  residues.  Roughly, 
therefore,  the  amoimt  of  this  solid  waste  material  is  equal  to  the 
amount  of  cellulose  obtained.  According  to  the  United  States  Census 
report  for  1900  the  amount  of  sulphite  fiber  produced  was  416,037 
tons,  and  the  estimate  indicates  that  there  was  an  equal  production 
of  the  waste  lignone  complex. 

Not  only  is  this  liquor  a  true  waste  material,  finding  at  present  no 
market,  but  its  production  is  a  great  nuisance,  for  it  very  seriously 
pollutes  the  streams  on  which  the  mills  are  situated  and  gives  rise  to 
much  trouble.  Its  cost,  therefore,  would  be  represented  solely  by 
the  cost  of  getting  rid  of  the  excess  of  water  and  by  the  freight  to  the 
briquetting  plant.  The  water  could  be  removed  by  evaporation, 
dxiring  which  process  the  complex  groups  are  to  some  extent  broken 
down,  sulphur  and  sulphur  compoimds  being  formed  and  some  of 
them  escaping.  Of  the  soUd  residue  left  from  evaporation  20  per 
cent  is  inorganic  material  and  80  per  cent  is  organic.    An  ultimate 
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analysis  of  the  lignone  complex  groups  shows,  according  to  Cross  and 
Bevan,  carbon,  50.22  to  56.27  per  cent;  hydrogen,  5.22  to  5.87  per 
cent;  sulphur,  5.52  to  8.80  per  cent. 

Efforts  have  been  made  by  various  investigators  to  separate  the 
lignone  complex  groups  from  the  water  by  precipitation  instead  of  by 
evaporation.  It  is  possible  that  some  process  of  settling  and  filtra- 
tion may  recover  the  desired  gummy  residues  without  going  to  the 
expense  of  evaporating  the  water,  but  the  processes  so  far  devised 
are  as  yet  unsuccessful  on  a  commercial  scale. 

The  sample  of  sulphite  liquor  examined  was  obtained  from  Detroit, 
Mich.  On  evaporation  it  showed  a  dry  residue  of  11.8  per  cent. 
This  residue,  of  course,  does  not  melt  but  chars  and  decomposes  if 
heated  to  a  high  temperature.  Before  evaporating  quite  to  dryness 
the  residue  is  a  very  sticky,  gummy  mass,  easily  soluble  again  in  water. 
The  original  Uquor  was  evaporated  to  about  one-third  of  its  bulk  and 
when  in  this  condition  was  used  in  the  following  tests: 

Remits  of  briquetHng  California  lignite<^  and  Illinois  coal  with  sulphite  liquor. 


Peroent- 
ageof 
binder. 

Grade  of 
ooherence.b 

Califor- 
nia No.  1. 

Tllinols 
No.  6  D. 

2 
4 

6 

8 

10 

12 

2 
4 

? 

a  Lignite  from  Tesla,  Alameda  County.    For  description,  analysis,  and  tests  see  Bull.  U.  S.  Oeol. 
Survey  No.  290, 1906. 
»  Bee  p.  22. 

The  briquets  from  Illinois  No.  6  B  coal,  with  10  per  cent  binder, 
and  from  California  No.  1,  with  either  10  or  12  per  cent  binder,  were 
satisfactory  in  the  fire.  The  briquets  made  from  the  California 
lignite  show  the  good  effect  of  using  a  binder  which  does  not  volatilize 
or  melt,  for  this  coal  is  one  of  the  most  difficult  of  all  the  coals  with 
which  to  obtain  satisfactory  results  in  the  fire.  In  water,  of  course, 
the  briquets  will  go  to  pieces  rapidly. 

It  must  be  remembered  that  the  above  percentages  of  binder  refer 
not  to  the  dry  residue  from  the  sulphite  liquor,  but  to  the  liquor 
itself  when  concentrated  only  to  one-third  of  its  bulk.  To  compare 
the  results  with  the  dry  material  the  percentages  must  be  divided 
by  three.  In  other  words,  we  have  from  the  paper  mills  each  year 
1,200,000  tons  of  waste  material  which  will  produce  coherent  briquets 
when  10  to  12  per  cent  of  it  is  used  as  a  binder.  The  drawback  to 
its  use  is  the  fact  that  the  briquets  are  not  waterproof,  and  a  few 
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preliminary  experiments  were  made  in  an  endeavor  to  oTiercome 
this  difficulty,  with  the  following  results: 

Results  of  briquettxng  Cal^omia  lignite  and  lUinois  coal  with  varying  proportion»  of 

sulphite  liquor  and  other  binders. 


Coal. 


CaUfornla  No.  1  (lignite) 


IlUnolflNo.6B. 


Binder  (per  cent) . 


Sol- 

phlie 

liquor. 


8 
8 
0 
0 
0 


Waterproofing  constituent. 


Material. 


Pitch  39 

do 

Coal-tar  creosote. 

Asphalt  tar 

Pitch  39 


Amoont. 


4 
8 
4 
4 
4 


Grade 

of  co- 

her- 

ence.a 


4 
4 

4 
4 


Fire 
test. 


Water 
tert. 


Fair. 
O.K. 
O.K. 
O.K. 
O.K. 


Fair. 

Fair. 
Fair. 


o  See  p.  22. 

These  experiments  indicate  that  oils  and  pitches  mixed  with  the 
sulphite  Uquor  will  render  the  briquet  more  or  less  waterproof, 
depending  on  the  extent  and  character  of  the  added  constituent. 
The  whole  problem  is  an  important  and  promising  one  and  deserves 
further  iDvestigation. 

SUGAB-FACTOBY   BESIDUES. 

17.  Beet  pvZp. — Several  samples  of  beet  pulp  (a  waste  product) 
were  examined  and  carefully  tested  in  the  hope  that  they  might 
contain  sufficient  starchy  or  sugary  material  to  serve  as  a  binder. 
The  results  showed  that  the  pulp  coidd  be  of  no  use  whatever  for 
this  purpose.     Details  of  the  tests  need  not  therefore  be  given. 

18.  Lime  cake. — The  sample  of  lime  cake  examined  proved  to  be 
practically  pure  calcium  carbonate,  which  could  be  of  no  possible 
use  in  briquetting. 

19  and  20.  Beet-sugar  molasses  and  cane-^ugar  molasses. — ^The 
binding  power  of  molasses  is  said  to  be  due  to  pectin,  which  is  a 
body  closely  related  to  mucilage  and  has  the  constitution  of  a 
typical  lignocellulose.  To  a  less  extent  the  binding  power  is  due 
to  sugar.  Molasses  contains  only  about  10  per  cent  of  ash.  From 
1  to  1.5  per  cent  of  molasses  in  water  is  said  to  be  sufficient  for 
binding,  but  the  experiments  do  not  verify  the  statement.  Three 
samples  of  beet-sugar  molasses  were  examined — 19  A,  19  B,  and 
19  C.  Samples  20  A  and  20  B  were  cane-sugar  molasses.  The 
moisture  and  ash  were  determined  as  follows: 

Moisture  OTid  ash  in  heetrsugar  and  cane-^ugar  molasses. 


Beet-sugar  samples. 

Cane-eogar 
samples. 

19  A. 

19  B. 

19  C. 

aoA. 

»B. 

MoistllTB 

Ash 

percent.. 

r..do.... 

1^8 
&1 

1&8 

lai 

21.8 
Ol9 

27.8 
8.8 

27-5 
&7 
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Tests  in  briquetting  Illinois  No.  6  B  coal  with  these  samples  gave 
the  following  results: 

RewlU'of  hriquetting  Illiruns  No,  6  B  coal  with  varying  percentages  of  heet-sugar  and 

cane-sugar  molasses. 


Peroentage 

Grade  of  coherenoe.a 

of  binder. 

19  A. 

19  B. 

19  C. 

28  A. 

20  B. 

2 

4 

•       6 

.  8 

12 

3 
3 
8 
3 
3 

2 
3 
3 
3 
3 

2 
3 
3 
3 

8 
3 

2 
3 
3 
3 

a  See  p.  22. 

The  coherence  of  the  briquets  did  not  seem  to  be  increased  by 
using  more  than  6  per  cent  of  molasses.  The  failure  to  obtain  good 
briquets  with  smaller  percentages  or  to  obtain  satisfactory  briquets 
even  when  the  higher  percentages  were  used  is  hard  to  explain. 
Heating  the  briquets  to  a  higher  temperature,  even  to  150**  or  160®  C, 
did  not  seem  to  improve  them.  Their  behavior  in  the  fire  could  not 
be  regarded  as  very  satisfactory.     In  water  they  fell  to  pieces. 

Some  experiments  were  made  with  lime  and  molasses  and  also 
some  attempts  to  waterproof  these  briquets,  but  no  very  satisfactory 
results  were  obtained.  The  use  of  molasses  as  a  binder  needs  further 
investigation  before  it  is  finally  classed  as  being  of  no  use  for  briquet- 
ting,  but  so  far  it  would  seem  to  be  without  commercial  value  for 
this  purpose. 

The  census  report  for  1900  showed  that  there  were  3,551,856  gallons 
of  this  molasses  produced,  valued  at  $25,102  for  the  portion  sold. 
Much  of  it  went  to  waste. 

STARCH. 

21.  Gomstarch, — In  the  tests  of  cornstarch  it  was  first  necessary 
to  determine  if  heating  the  starch  with  water  to  a  paste,  thus  forming 
dextrin,  before  mixing  it  with  the  coal  was  essential,  or  if  the  change 
of  starch  into  dextrin  would  take  place  as  well  when  the  starch  was 
first  mixed  with  the  coal  and  the  mixture  then  moistened  and  heated. 
The  experiments  showed  that  the  latter  procedure  was  fully  as  effect- 
ive. Starch  was  tested  more  particularly  with  the  lignites,  because 
it  does  not  evaporate  before  burning,  and  hence  would  hold  the  lignite 
together  in  the  fire.  The  results  of  the  tests  are  shown  in  the  table 
(pp.  51-52).  In  all  the  tests  the  behavior  of  the  briquets  in  the  fire 
was  far  more  satisfactory  than  if  pitch  or  a  similar  binder  had  been 
used.  Starch  possesses  the  advantage  over  such  binders  that  it  adds 
no  smoke-producing  material  to  the  coal. 

In  water  these  small  starch  briquets  fell  to  pieces  in  a  few  minutes, 
and  the  next  endeavor  was  to  waterproof  them.    Many  attempts  were 
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made  to  accomplish  this  end  by  immersion  in  oil.  The  experiments 
indicated  that  any  oil  would  waterproof  the  briquet  when  externally 
applied,  but  asphalt  tar,  which  was  the  thickest  oil  tested,  gave  the 
best  results.  It  is  doubtful  if  external  waterproofing  with  a  thick  oil 
would  ever  be  conmiercially  successful,  owing  to  the  cost  and  diffi- 
culty of  manipulation,  but  a  thin  oil,  such  as  crude  petroleum,  might 
answer.  At  any  rate,  laboratory  tests  with  small  briquets  can  not 
finally  decide  the  point,  and  the  experiments  should  be  conducted  on 
a  larger  scale. 

An  endeavor  was  also  made  to  waterproof  by  mixing  the  coal  and 
starch  with  some  of  the  oils  before  briquetting.  For  this  purpose 
Hoffman's  petroleum,  Kansas  crude  oil,  coal-tar  creosote,  asphalt 
tar,  water-gas  tar  pitch,  coal-tar  pitch,  and  hard-wood  tar  were  used 
under  varying  conditions  and  with  varying  percentages  both  of  the 
starch  and  of  the  oils.  The  experiments  indicate  that  the  presence 
of  crude  oil  or  tarry  liquids  is  detrimental  to  the  action  of  the  starch, 
both  as  to  coherence  and  in  the  fire.  But  the  binding  power  of  the 
starch,  though  somewhat  diminished,  was  nevertheless  still  very 
great,  and  it  is  probable  that  a  briquet  with  1  per  cent  of  starch  and 
8.  per  cent  of  a  heavy  crude  oil,  or  a  less  percentage  of  oil  residue, 
would  prove  satisfactory.  It  is  possible  that  in  some  places  such  a 
combination  might  prove  the  cheapest  and  most  satisfactory  binder 
obtainable.  Pitches  did  not  seem  to  injure  the  action  of  the  starch, 
but  unless  a  small  percentage  of  pitch  is  foimd  to  waterproof  there 
would  be  nothing  gained  by  the  combination.  The  experiments 
made  did  not  seem  to  indicate  that  a  small  percentage  of  pitch  with 
starch  would  give  satisfactory  results  in  the  weather,  but  this  point 
should  be  tested  on  a  larger  scale. 

A  patent  for  the  use  of  starch  as  a  binder  was  issued  in  1858,  in 
England,  to  John  Piddington.  He  used  36  pounds  of  starch  and  8 
per  cent  of  water  per  ton  of  coal. 

The  objections  to  starch  as  a  binder  are  that  the  briquets  do  not 
immediately  harden,  and  that  they  will  not  stand  exposure  to  the 
weather  unless  made  waterproof.  The  advantages  of  starch  as  a  binder 
are  its  cheapness,  its  wide  availabiUty,  the  fact  that  it  introduces  no 
smoke,  and  the  fact  that,  being  nonvolatile,  it  holds  the  coal  together 
well. 

As  shown  by  the  census  report  for  1900  the  amount  of  starch  pro- 
duced in  the  United  States  during  that  year  was  297,803,139  pounds. 
Of  this  amount  247,051,744  poimds  was  made  from  com  as  raw 
material,  the  average  price  of  the  starch  being  2.5  cents  per  pound. 
It  is  of  course  not  necessary  that  starch  to  be  used  as  a  binder  be 
pure,  and  a  far  better  idea  of  its  cost  for  this  purpose  can  be  obtained 
by  considering  the  cost  of  the  raw  material. 


LABORATORY   INVESTIGATIONS   OP  VARIOUS  BINDERS.  89 

The  raw  materials  available  in  the  United  States  are  com,  wheat 
and  other  small  grains,  Irish  potatoes,  sweet  potatoes,  cassava,  and 
spoiled  products  containing  starch.  The  starch  from  wheat  and 
other  small  grains  is  more  expensive  than  that  from  com.  Cassava, 
yielding  4  to  5  tons  per  acre  and  containing  about  25  per  cent  of 
starch,  offers  a  very  cheap  source  of  starch,  but  in  the  United  States 
it  can  not  be  grown  far  north  of  Florida. 

In  1900,  231,106  tons  of  com  were  used  for  the  production  of  corn- 
starch, the  average  price  paid  being  $11.78  per  ton.  Com  contains 
60  to  65  per  cent  of  starch.  The  factories  extracted  on  the  average 
53.4  per  cent,  and  the  cost  of  this  starch  in  the  crude  condition  is 
therefore  $18.85  per  ton.  The  only  preparation  necessary  would  be 
fine  grinding. 

The  price  of  raw  cornstarch  may  be  estimated  at  $20  per  ton, 
based  on  the  census  report  for  1900,  and  inasmuch  as  only  0.5  to  1 
per  cent  of  this  material  is  required  to  make  a  coherent  briquet,  it 
follows  that  the  cost  of  starch  binder  of  this  kind  per  ton  would  be 
only  10  to  20  cents.  The  briquets  would  not  stand  rain,  but  would 
prove  perfect  if  kept  under  cover.  It  seems  that  starch  briquets, 
only  slightly  waterproofed,  might  be  used  during  the  dry  season  in 
certain  sections  of  the  West.  If  more  thoroughly  waterproofed  with 
heavy  crude  petroleum  oils  they  might  be  generally  used.  The  crude 
petroleum  would  increase  the  fuel  value  of  the  briquet  almost  suffi- 
ciently to  pay  for  itself.  It  seems,  therefore,  that  further  experi- 
ments with  starch  on  a  larger  scale  are  desirable. 

22.  Potato  starch. — Properly  chosen  varieties  of  the  sweet  potato 
contain  about  22  per  cent  of  starch  and  the  yield  per  acre  is  large. 
Small,  unmarketable  potatoes  may  be  used.  The  sweet  potato  is 
available  in  many  parts  of  the  United  States. 

The  Irish  potato  is  widely  distributed,  and  starch  factories  con- 
sumed 118,000  tons  in  1900,  paying  an  average  of  $5.90  per  ton  and 
obtaining  an  average  of  14.3  per  cent  of  starch.  As  a  rule  only 
immarketable  potatoes  were  used  and  this  accounts  for  the  low  per- 
centage of  starch  obtained,  the  average  yield  of  Irish  potatoes  being 
18.2  per  cent  of  starch,  and  some  varieties  giving  as  high  as  25  per 
cent.  On  the  basis  of  18  per  cent  available  starch,  the  raw  starch 
obtained  from  this  source  is  worth  $32.75  per  ton. 

Usually,  therefore,  starch  obtained  from  potatoes  would  be  more 
expensive  than  that  obtained  from  com.  A  number  of  tests  were 
made  to  see  if  the  action  of  the  two  starches  is  similar.  No  difference 
in  the  coherence  of  the  briquet  or  in  its  behavior  in  the  water  or  in 
the  fire  was  detected. 
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SLAUGHTEB-HOUSE   BEFUSE. 

Slaughter-house  refuse,  which  is  now  largely  made  into  glue,  has 
been  so  often  suggested  as  a  binder  that  its  cost  was  investigated. 
The  census  of  1900  showed  that  34,760  tons  of  glue  were  produced, 
valued  at  $155  per  ton.  The  price  is  therefore  prohibitive  and  no 
experiments  were  made  with  this  material. 

TABS  AND  PITCHES  FBOM  COAL. 

Preliminary  considerations. — ^The  work  done  at  the  briquetting 
plant  under  the  direction  of  Dr.  J.  H.  Pratt  had  shown  that  there 
was  great  variation  in  the  value  of  various  coal-tar  pitches  for  bri- 
quetting purposes.  That  work  had  also  shown  that  coal-tar  pitch 
would  be  one  of  the  most  important  binders  to  be  considered.  An 
endeavor  was  made,  therefore,  to  study  the  various  grades  of  coal 
tar  and  the  pitches  therefrom,  with  the  idea  of  improving  the  pitches 
and  of  estabUshing  some  method  of  examination  which  might  reveal 
their  value  without  the  necessity  of  an  actual  briquetting  trial. 

The  total  production  of  coal  tar  in  the  United  States  in  1903  was 
62,964,393  gallons,  valued  at  $0.0349  per  gallon,  or  $7.27  per  ton. 

On  distillation  coal  tar  is  divided  into  several  fractions  which  are 
more  or  less  clearly  defined.  By  further  distillation  these  fractions 
are  separated  more  completely  and  find  their  w^ay  to  the  market  as 
illuminating  oils,  naphtha,  creosote,  etc.  They  consist  of  a  very 
large  number  of  chemical  compounds.  The  manner  in  which  coal 
tar  is  fractionated  varies  at  different  works,  but  as  illustrative,  it 
may  be  said  that  the  ammoniacal  liquor  distils  first,  then  the  first 
light  oils,  boiling  below  110*^  C.  The  second  light  oils  come  off  at 
110°  to  170°  C,  the  carbolic  oils  at  170°  to  225°,  the  creosote  oils  at 
225°  to  270°,  the  anthracene  oils  at  270°  to  360°,  and  lastly  the  pitch 
is  left  behind  as  a  residue. 

None  of  the  oils  coming  off  below  270°  C.  are  useful  in  briquetting. 
The  anthracene  oils,  which  consist  of  a  large  number  of  different  com- 
pounds, should  not,  however,  be  entirely  distilled  from  the  pitch  if  it 
is  desired  to  use  the  pitch  for  briquetting.  Nearly  all  the  various 
constituents  of  both  the  pitch  and  the*  anthracene  oils  except  the  free 
carbon  are  soluble  in  carbon  disulpliide.  Constam  and  Rougeot^ 
examined  33  pitches  obtained  from  various  sources,  and  found  the 
amount  of  carbon-disulphide  extract  to  range  from  60.43  to  91.22 
per  cent  and  to  average  76.3  per  cent.  They  also  found  the  value  of 
the  pitch  for  briquetting  purposes  to  be  proportional  to  the  amoimt 
of  carbon-disulphide  extract.  The  results  obtained  by  the  writer 
lead  to  the  same  conclusion,  except  that  the  free  carbon  (that  is,  the 
insoluble  portion)  is  believed  to  be  not  only  inert  but  detrimental  to 

a  Zeltschr.  f .  angew.  ChemJe,  vol.  17,  no.  20. 
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the  pitch,  indicating  that  the  increase  in  the  value  of  a  pitch  for  hri- 
quetting  purposes  is '  somewhat  greater  proportionally  than  the 
increase  in  the  percentage  of  extract  obtainable.  The  free  carbon 
seems  to  prevent  the  pitch  from  spreading  easily  over  the  grains  of 
coal,  and  owing  to  its  very  finely  divided  condition  itself  offers  a 
very  large  surface  for  the  absorption  of  pitch. 

A  pitch  has  no  true  melting  point,  but  owing  to  the  large  number 
of  different  chemical  bodies  which  it  contains,  softens  only  very 
gradually.  I'his  softening  point  of  the  pitch  has  a  marked  influence 
on  its  use  in  briquetting,  for  the  pitch  must  either  be  so  brittle  that 
it  can  be  broken  finely  and  mixed  with  the  coal  as  a  solid,  or  it  must 
be  melted  and  distributed  as  a  liquid.  Many  pitches  soften  at  so 
high  a  temperature  that  they  can  not  be  eflSciently  used  except  by 
heating  above  100®  C.  The  pitch  must  therefore  be  adapted  to  the 
briquetting  machine  in  which  it  is  to  be  used.  Many  methods  of 
determining  the  softening  point  of  a  pitch  have  been  suggested,  but 
most  of  them  are  either  too  troublesome  for  practical  use  or  not 
accurate.  In  the  experiments  here  recorded  the  flowing  point  of 
the  pitch  was  used  as  an  index  of  the  temperature  at  which  it  soft- 
ened. This  point  was  determined  by  placing  about  3  cubic  centi- 
meters in  the  bottom  of  a  test  tube  one-half  inch  in  diameter  and 
inserting  the  tube  in  a  bath.  The  temperature  of  the  bath  was 
raised  imtil,  on  taking  out  the  tube  and  inverting  it,  the  pitch  flowed  1 
inch  down  the  tube  in  fifteen  seconds. 

In  ascertaining  the  value  or  suitabihty  of  a  given  pitch  or  tar  for 
briquetting  purposes  three  determinations  are  necessary: 

1.  The  pitch  or  tar  is  distilled  and  all  oils  coming  off  below  270°  C. 
are  rejected  as  being  of  no  value  in  briquetting. 

2.  The  flowing  point  of  the  portion  to  be  used  in  briquetting  is 
determined.     This  should  generally  be  not  less  than  7(f  C. 

3.  The  pitch  is  extracted  with  carbon  disulphide.  The  smaller 
the  amoimt  of  residual  carbon  the  more  satisfactory  the  pitch. 

It  should  be  borne  in  mind  that  the  higher  the  flowing  point  of  the 
pitch  the  more  satisfactory  it  will  prove  in  the  fire  when  used  with 
coals  that  do  not  cake  readily.  If  the  pitch  has  too  high  a  flowing 
point  to  be  workable  with  the  briquet  machine  at  hand,  it  could  be 
softened  by  the  addition  of  a  high-boiling  coal-tar  oil  (above  270°  C.) 
or  of  very  soft  pitch.  Coal-tar  creosote  could  be  used,  but  its  boil- 
ing point  is  too  low  to  make  its  use  in  all  respects  satisfactory. 

23.  Blast-furnace  tar. — ^As  it  was  impossible  to  learn  whether  blast- 
furnace tar  and  the  similar  material  known  as  shale  tar  are  produced 
in  the  United  States,  no  experiments  were  made  with  them. 

24.  Producer-ga^  tar. — Two  samples  of  producer-gas  tar  were 
examined.  The  first,  designated  24  C,  after  pouring  off  the  water, 
gave  on  distillation,  water,  30  per  cent;  oils  below  270°  C,  none; 
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oils  at  270  to  330''  C,  6  per  cent.  From  330"*  the  thermometer 
jiunped  suddenly  to  370^  and  the  distillation  was  stopped.  The 
residue  gave  with  Illinois  No.  4  coal  a  satisfactory  briquet  when  only 
4  per  cent  was  used  as  a  binder. 

The  next  sample,  designated  24  D,  was  tested  after  boiling  off  the 
water.  The  result  showed  a  satisfactory  briquet  with  Arkansas 
No.  7  A  coal  when  4  per  cent  was  used,  but  a  larger  percentage  is 
necessary  with  most  other  coals  and  probably  8  per  cent  would  be 
necessary  for  most  lignites. 

The  tar  obtained,  when  freed  from  water  only,  is  rather  too  Uquid 
to  produce  the  best  quality  of  briquet.  But  the  removal  of  only 
about  6  per  cent  of  oils  raises  the  flowing  point  of  the  tar  to  about 
70^  C.  and  the  residue  appears,  as  above  seen,  to  be  excellently  fitted 
for  briquetting  purposes.  The  amoimt  of  carbon-disulphide  extract 
obtainable  from  the  residue  was  not  determined.  It  should  not  be 
large,  for  the  temperature  at  which  the  tar  is  made  is  comparatively 
low.  This  is  probably  the  cause  of  the  superior  binding  power  of 
the  pitch. 

The  amount  of  this  tar  obtainable  and  its  market  value  are 
questions  for  future  determination. 

25.  lUummating-gaa  tar. — ^About  25  per  cent  of  the  illuminating 
gas  produced  in  the  United  States  is  made  from  coal,  and  the  tar 
resulting  from  the  process  amounts  to  about  5  per  cent  of  the  coal 
coked.  The  census  report  for  1900  gives  the  production  for  1899  as 
67,094  tons.  In  1903,  61.4  per  cent  of  the  coal  tar  made  was  pro- 
duced in  gas  works.  The  average  value  of  this  tar  as  distinct  from 
other  coal  tars  is  not  obtainable,  and  $7.27  per  ton,  the  average  value 
of  all  coal  tars  for  1903,  is  therefore  accepted  as  approximately  correct 
for  gas  tar. 

This  tar  is  too  liquid  to  produce  good  briquets.  The  oils  conung 
off  below  270°  C.  should  be  disposed  of.  The  residue,  equaling  70  per 
cent  of  the  total,  would  cost  $10.40  per  ton,  if  the  sale  of  the  low- 
boiling  oils  could  be  made  to  pay  the  expense  of  the  distillation  and 
the  profit  thereon. 

Pitches  28  A,  28  B,  28  C,  28  D,  28  E,  28  F,  and  28  I,  obtained  from 
this  tar,  were  examined,  and  the  percentages  determined  as  necessary 
to  make  satisfactory  briquets  are  shown  in  the  table  (pp.  51-52). 

26.  By-product  coke-oven  tar, — In  1903,  38.6  per  cent  of  the  total 
coal  tar  produced  (24,296,536  gallons)  was  produced  in  by-product 
coke  ovens.  The  census  report  for  1900  shows  that  in  1899  only 
3.33  per  cent  of  the  total  coal  coked  was  coked  in  by-product  ovens. 
Consequently  the  amoimt  of  coal  tar  from  this  source  could  be 
enormously  increased. 

This  tar  is  obtained  by  distillation  at  a  high  temperature,  and 
therefore  contains  more  fixed  carbon  than  tar  from  illuminating-gas 
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plants.    About  60  per  cent  of  the  tar  from  an  Otto-Hoffman  oven  is 
pitch. 

The  tar  is  too  liquid  to  be  used  directly  for  briquetting.  The 
results  with  pitches  28  G  and  28  H,  made  from  coke-oven  tar,  are 
shown  in  the  general  table  (p.  51). 

27.  Coal-tar  creosote. — The  principles  governing  the  use  of  binders 
make  it  appear  useless  to  test  coal-tar  creosote  alone.  It  is  too  thin  a 
liquid  to  make  coherent  briquets  and  of  too  low  a  boiling  point  to  give 
satisfactory  results  in  the  fire.  This  creosote  could  be  used  to  thin  a 
pitch  whose  boiling  point  is  too  high,  when  such  use  is  advantageous. 
It  could  also  be  used  to  waterproof  a  binder  that  would  not  stand  the 
weather;  but  this  could  be  done  as  well  with  a  crude  oil  of  low  specifio 
gravity,  and  the  cost  would  be  less.  Coal-tar  creosote  is  worth  about 
6  cents  per  gallon. 

28.  Coal-tar  pitches. — The  pitch  designated  28  A  was  obtained  by 
Dr.  J.  H.  Pratt,  who  called  it  pitch  C  in  his  report.*  This  pitch  flowed 
at  100^  C;  and  the  behavior  of  the  briquets  in  the  fire  was  satisfactory. 

The  pitch  designated  28  B  was  obtained  through  Dr.  Pratt  and  was 
by  him  designated,  in  his  report,  pitch  D.  This  pitch  had  a  flowing 
point  of  127*^  C.  It  was  used  in  making  a  very  large  number  of  tests 
on  the  comparative  action  of  different  coals  with  the  same  binder. 

The  pitch  designated  28  C  was  used  to  briquet  50  tons  of  Arkansas 
semianthracite  slack,  about  6.5  per  cent  being  used.  This  pitch  had 
a  flowing  point  of  100**  C.  It  proved  too  soft  for  use  with  a  pitch 
cracker  on  a  summer  day. 

The  pitch  designated  28  D  was  used  to  briquet  200  tons  of  Arkansas 
semianthracite  slack,  about  6.5  per  cent  being  used.  This  pitch  had 
a  flowing  point  of  120**  C.  and  was  sufl&ciently  brittle  for  use  on  the 
hottest  day.     It  gave  a  carbon-disulphide  extract  of  67.75  per  cent. 

The  pitch  designated  28  E  had  a  flowing  point  of  lOO""  C. 

The  pitch  designated  28  F  was  very  soft,  having  a  flowing  point 
of  68^  C,  and  did  not  prove 'as  efficient  a  binder  as  its  appearance 
indicated.  No  further  examination  was  made  to  determine  the  cause 
of  the  trouble. 

The  pitch  designated  28  G  was  a  soft  coke-oven  pitch  obtained 
from  tar  produced  in  the  Semet-Solvay  process.  It  had  a  flowing 
point  of  95°  C.  and  yielded  about  86  per  cent  of  carbon-disulphide 
extract. 

The  pitch  designated  28  H  was  a  harder  coke-oven  pitch  from  the 
same  source  as  28  G.  It  had  a  flowing  point  of  100°  C.  and  gave 
81.50  per  cent  of  carbon-disulphide  extract.  The  briquets  were  pos- 
sibly a  little  stronger  than  those  made  with  the  soft  coke-oven  pitch. 

a  Praliiiiinaiy  report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Ho.,  1904;  Bull.  U.  S.  Qeol.  Survey  No.  261, 
1906,  p.  134. 
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The  pitch  designated  28  I  was  received  through  Dr.  Pratt,  who 
called  it  pitch  X  in  his  report.**  It  had  a  flowing  point  of  190°  C, 
being  very  hard  and  brittle.  The  carbon-disulphide  extract  was  63.2 
per  cent.  A  large  number  of  tests  were  made  with  this  pitch  when 
determining  the  qualities  of  binders  in  general  in  order  to  learn  why 
this  grade  was  so  poor  a  binder.  This  seemed  to  be  due  to  two 
causes — (1)  the  large  amount  of  contained  free  carbon  (36.8  per 
cent),  and  (2)  the  high  softening  point.  At  100°  C.  the  binder  did 
not  melt  sufl&ciently  to  spread  over  the  grains  of  coal  to  the  best 
advantage. 

To  test  this  latter  point  the  pitch  was  mixed  with  wood  creosote 
12  F,  which  did  not  itself  possess  sufficient  binding  power.  Two 
hundred  grams  of  pitch  was  mixed  with  100  grams  of  the  wood  cre- 
osote and  heated  with  stirring  until  thoroughly  mixed.  The  resultant 
pitch,  which  was  brittle  enough  to  be  pulverized  if  kept  cool,  was 
then  tried  with  a  number  of  coals  and  compared  with  the  original 
pitch.  The  results  from  this  mixture,  designated  28  J,  are  shown  in 
the  table  (pp.  51-52).  It  will  be  noted  that  in  all  the  tests  4  per 
cent  more  of  the  original  pitch  than  of  the  mixture  was  required, 
thus  confirming  the  diagnosis  of  the  trouble. 

None  of  the  coal-tar  pitches  gave  coherent  briquets  with  less  than 
6  per  cent,  and  with  many  of  them  7  or  8  per  cent  was  required. 
The  reason  why  a  coal-tar  pitch  will  not  briquet  if  less  than  6  per 
cent  is  used  is  that  it  contains  a  comparatively  large  amount  of  car- 
bon. The  residue  from  producer-gas  tar  made  satisfactory  briquets 
wnth  4  per  cent,  and  this  result  was  doubtless  due  to  the  fact  that 
such  tar  contains  little  free  carbon. 

The  cost  of  coal-tar  pitch  per  ton  may  be  taken  as  $11;  therefore 
the  cost  of  the  binder  per  ton  of  briquets  produced  ranges  from  66 
to  88  cents.  The  briquets  when  properly  made  will  stand  exposure 
to  the  weather  well.  They  will  stand  up  satisfactorily  in  the  fire  if 
the  coals  cake  at  all  readily.  With  noncaking  coals  the  briquets 
would  not  prove  satisfactory  in  the  fire.  This  binder  does  not  cause 
an  undue  amount  of  smoke. 

NATURAL   ASPHALTS. 

Asphalts  grade  almost  imperceptibly  into  heavy,  thick  petroleum 
oils.  The  designations  used  by  Eldridge^  have  been  followed  in  this 
discussion.  Wurtzilite,  nigrite,  ozocerite,  and  grahamite  occur  in  the 
United  States,  but  not  in  deposits  profitable  to  mine. 

a  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  QeologicaX 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis.  Mo.,  1904;  Bull.  U.  8.  Oeol.  Survey  No.  261, 
1905,  p.  134. 

^Eldridge,  G.  H.,  Origin  and  distribution  of  asphalt  and  bituminous  rock  deposits  in  the  United 
fltotes:  Bull.  U.  8.  Geol.  Survey  No.  213, 1903,  pp.  296-3a5. 
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30.  Impsonite. — Impsonite,  sometimes  called  grahamite;  is  found 
in  Oklahoma.  It  softens  at  a  high  temperature,  but  does  not  melt. 
In  carbon  disulphide  35  per  cent  or  more  is  dissolved. 

The  sample  tested  was  obtained  through  Dr.  Pratt  and  was  des- 
ignated B  4  in  his  report.^  This  was  tested  with  a  lignite,  as  its  only 
possible  use  in  briquetting  was  considered  to  be  to  mix  with  a  non- 
caking  coal  in  rather  large  percentage.  From  20  to  30  per  cent  was 
found  to  be  required  to  hold  a  California  lignite  together  in  the  fire. 
Even  though  the  material  is  very  cheap,  the  large  percentage  required 
prohibits  its  commercial  use. 

31.  OUsoniU.— It  is  estimated  by  Eldridge  that  32,000,000  tons  of 
the  asphalt  known  as  gilsonite  are  now  in  sight  in  the  extensive 
deposits  that  occur  in  Utah.  He  further  states  that  the  cost  to  mine 
does  not  exceed  $1.75  per  ton.  The  material  has  to  be  hauled  a  long 
distance  to  a  railroad,  and  the  present  price  in  St.  Louis  is  about  $35 
per  ton.  Gilsonite  has  a  brilliant  luster,  bums  and  acts  like  sealing 
wax,  and  is  entirely  soluble  in  carbon  disulphide.  Two  samples  were 
tested. 

The  sample  designated  31  A  was  black,  with  a  brilliant  luster,  and 
flowed  at  about  250^  C.  In  testing,  the  finely  powdered  material  was 
mixed  dry  with  the  coal  and  heated  far  above  100^  C.  As  shown  in 
the  table  (p.  52)  it  gave  a  good  briquet  when  4  per  cent  was  used. 

The  sample  designated  31  B  was  black,  with  a  less  brilliant  luster. 
When  its  flowing  point  was  being  determined  it  frothed  out  of  the 
tube.  It  gave  a  briquet  of  satisfactory  coherence  when  6  per  cent 
was  used  as  a  binder.  The  briquets  are-  also  satisfactory  in  the  fire; 
and,  owing  to  the  high  softening  point  of  the  binder,  it  would  be 
very  useful  with  noncaking  coals.  At  its  present  price  of  $35  per 
ton,  however,  even  4  per  cent  of  this  binder  is  out  of  the  question. 

32.  Maltha. — Small  deposits  of  maltha,  a  liquid  asphalt,  occur  in 
Oklahoma,  Mexico,  California,  and  Texas.  In  1903  the  only  pro- 
duction reported  to  the  Geological  Survey  was  58  tons  from  Texas, 
valued  at  $19.83  per  ton. 

The  sample  tested  was  obtained  through  Dr.  Pratt  and  was  called 
by  him  *' liquid  Austin  asphalt.*'  A  satisfactory  briquet  was  pro- 
duced with  3  to  3i  per  cent  of  binder.  Attention  is  called  to  the  fact 
that  when  as  much  as  8  per  cent  of  this  binder  is  used  the  briquet 
grows  weaker  instead  of  stronger.  This  is  due  to  the  low  flowing 
point  of  maltha,  68*^  C,  which  causes  the  briquet  to  crush  easily  if 
an  excess  is  used.  In  the  fire  the  binder  would  give  satisfactory 
results  only  when  used  with  coals  that  cake  very  easily. 

•  PreHmlnary  report  on  the  operations  of  the  ooal-testlng  plant  of  the  United  States  Geological 
Survey  at  the  Loolilana  PorduMe  £xpotltlon»  St.  Louis,  Mo.,  1904;  Bali.  U.  8.  Qeoi.  Survey  No.  3Ur 
1906,  p.  134. 
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The  cost  of  this  binder,  3  per  cent  being  used,  would  be  60  cents 
per  ton  of  briquets  produced.  With  some  coals  a  larger  percentage 
would  be  necessary. 

33  and  34.  Refined  Trinidad  aapTuiU  and  refined  Bermudez  asphalt. — 
Considerable  quantities  of  crude  Trinidad  and  Bermudez  asphalts 
are  annually  imported.  In  1903  the  imports  of  the  former  amounted 
to  129,133  tons,  valued  at  $367,003;  and  of  the  latter  9,898  tons, 
valued  at  $48,218. 

The  cans  in  which  samples  were  furnished  for  these  experiments 
were  not  marked  and  complete  identification  was  impossible.  The 
softer  of  the  two  samples  flowed  at  115°  C.  and  could  not  be  powdered. 
It  gave  a  satisfactory  briquet  when  6  per  cent  was  used  with  IlUnois 
No.  11  C  (4)  coal.  The  harder  sample  could  be  powdered,  flowed  at 
180°  C,  and  on  testing  showed  a  briquet  that  was  hardly  satisfactory 
when  8  per  cent  of  the  binder  was  used  with  Qlinois  No.  11  C  (4)  coal. 
If  the  binder  had  been  superheated  better  results  coidd  probably 
have  been  obtained. 

These  asphalts  apparently  could  not  compete  with  coal-tar  pitches 
as  binders. 

35.  Hard  and  refined  a^sphalts. — ^Bituminous  sandstones,  lime- 
stones, or  shales  occur  in  several  States  in  deposits  of  considerable 
extent.  These  are  mined,  but  usually  the  rock  is  used  as  a  con- 
stituent of  paving  mixtures  and  the  bitumen  is  not  extracted. 
Attempts  have  been  made  to  refine  this  rock  either  by  distillation  or 
by  extracting  the  bitumen  with  a  solvent,  such  as  naphtha.  The 
process  does  not  seem  to  have  been  very  successful  commercially. 
The  only  production  reported  is  6,400  tons  from  Californiai  with  a 
value  per  ton  of  $21.87;  and  877  tons  from  Indian  Territory,  with  a 
value  per  ton  of  $17.61.  No  samples  could  be  obtained,  and  the 
product  is  probably  not  now  on  the  market. 

PETBOLEUM   PBODUOTS. 

36.  Crude  oil. — Unless  they  are  of  the  consistency  of  maltha,  crude 
oils  are  not  suitable  for  binders,  being  too  liquid.  They  might  be 
used  to  advantage  in  waterproofing  briquets  made  with  starch, 
sulphite  liquor,  or  molasses. 

37.  Petroleum  residuum. — There  are  many  grades  of  petroleimi 
residuum  depending  on  the  base  of  the  crude  oil  (that  is,  whether  the 
oil  has  an  asphalt  base,  or  a  paraflin  base,  or  an  asphalt  and  parafiSn 
base),  on  the  temperature  at  which  the  distillation  is  stopped,  and  on 
the  amount  of  cracking  to  which  the  oil  is  subjected  during  the 
distillation. 

In  1903,  46,000  tons  of  asphaltic  residue,  with  an  average  value  of 
$11.30  per  ton,  were  produced  from  petroleum  in  California;  and 
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2,100  tons,  valued  at  $14.16  per  ton,  were  produced  in  Texas.  If  4  per 
cent  of  this  material  were  used  as  a  binder,  the  cost  per  ton  of  briquets 
produced  would  be  45  to  55  cents  per  ton,  making  this  binder  one  of 
the  cheapest  to  be  had  near  the  oil  fields,  when  the  oil  contains  an 
asphalt  base.  Even  less  than  4  per  cent  could  be  used  with  some  coals. 
For  the  best  results,  the  asphalt  residue  should  flow  at  90°  to  100°  C. 

Six  samples  of  asphalts  were  examined.  The  sample  designated 
37  A  was  shown  by  test  to  flow  at  100°  C,  and  99.38  per  cent  was 
soluble  in  carbon  disulphide.  The  tests  showed  that  except  with 
the  lignites,  3  to  4  per  cent  of  this  asphalt  would  give  a  satisfactory 
briquet.     With  caking  coals  it  is  satisfactory  in  the  fire. 

Another  sample  was  designated  37  B.  With  most  coals  3  to  4  per 
cent  of  this  asphalt  would  be  required  to  produce  satisfactory  briquets. 

The  sample  designated  37  C  was  received  through  Dr.  Pratt 
from  Caspar,  Wyo.,  and  by  him  was  designated  B  6  in  hj^  report.**  It 
flowed  at  95°  C,  and  gave  a  carbon-disulphide  extract  of  99.88  per  cent. 
A  satisfactory  briquet  was  made  with  4  per  cent  of  this  binder. 

The  sample  designated  37  D  was  received  from  Texas,  and  was 
designated  B  3  in  Dr.  Pratt's  report."  It  flowed  at  140°  C,  and  with 
most  coals  about  6  per  cent  would  be  required  to  produce  a  satisfac- 
tory briquet. 

The  sample  designated  37  E,  a  California  asphalt  of  grade  B,  was 
designated  B 1  by  Dr.  Pratt.*  It  did  not  soften  suflBciently  at  100°  C, 
but  if  superheated  a  satisfactory  briquet  could  be  obtained  with  8  per 
cent  as  binder. 

The  sample  designated  37  F,  a  Texas  asphalt,  was  designated  B  2 
by  Dr.  Pratt."  It  did  not  soften  suflBciently  at  100°  C.  When  super- 
heated it  gave  a  satisfactory  briquet  with  Illinois  No.  4  coal,  6  per 
cent  of  binder  being  used. 

38.  Water-gas  tar. — The  census  report  states  that  75  per  cent  of 
the  illuminating  gas  produced  in  the  United  States  in  1899  was  water 
gas.  Petroleum  oil.  is  used  in  enriching  this  gas  and  is  partly  decom- 
posed in  the  process,  resulting  in  the  formation  of*  water-gas  tar,  of 
which  48,714,324  gallons  were  produced  in  1899.  With  an  average 
density  of  1.1,  this  would  be  equivalent  to  222,868  tons  of  tar.  The 
tar  itself  is  too  liquid  for  use,  but  a  pitch  made  from  it  was  examined, 
as  shown  in  the  next  paragraph. 

39.  Water-ga^  tar  pitch, — The  sample  of  water-gas  tar  pitch  fur- 
nished to  Dr.  Pratt  was  by  him  designated  pitch  H.**  It  flows  at  92° 
C,  and  with  some  of  the  coals  5  per  cent  proved  sufficient  to  produce 
excellent  briquets.  The  carbon-disulphide  extract  was  88.10  per 
cent.  With  caking  coals  the  briquets  are  satisfactory  in  the  fire. 
This  pitch  is  worth  somewhat  less  than  coal-tar  pitch,  its  value  being 

a  PrelimlDanr  report  on  the  operations  of  the  coal-teatlng  plant  of  the  United  States  Oeological 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  Buli.  U.  B.  Oeoi.  Survey  No.  261, 
1905,  p.  134. 
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given  approximately  as  $10  per  ton.  The  cost  of  the  binder  per  ton 
of  briquets  produced  would  therefore  be  about  50  cents,  effecting  a 
saving  of  at  least  20  cents  per  ton  over  the  use  of  ordinary  coal-tar 
pitch. 

40.  Wax  tailiTigs. — A  product  known  as  wax  tailings  was  received 
by  Dr.  Pratt.  It  is  soft  at  ordinary  temperatures  and  pulls  into  long 
threads.  It  melts  to  a  thin  liquid  at  about  70^  C.  As  low  as  3  per 
cent  gives  briquets  of  satisfactory  coherence  and  thjese  are  also  satis- 
factory in  the  fire  if  the  coal  cakes  readily.  The  briquets  could  not 
be  subjected  to  any  pressure  in  the  fire,  and  would  yield  to  pressure 
if  placed  in  a  warm  place.  It  is  doubtful  if  they  could  be  piled  in  a 
very  hot  sun.  The  yield  of  this  product  is  said  to  be  moderate  in 
amount.  The  value  is  6  cents  per  gallon,  or  about  $15  per  ton,  and 
the  cost  of  this  binder  would  therefore  be  45  to  '60  cents  per  ton  of 
briquets  projjuced. 

41 .  Acid  sludge. — Tests  of  a  sample  of  acid  sludge  showed  that  10  to 
12  per  cent  was  necessary  to  make  a  coherent  briquet.  This  material 
was  distinctly  acid  with  sulphuric  acid.  Its  value  could  not  be 
learned  and  therefore  no  further  experiments  were  tried  with  it. 

42.  Asphalt  tar, — The  product  known  as  asphalt  tar,  .as  obtained 
by  Dr.  Pratt,  was  a  rather  thin  liquid  which  poured  readily  and  pro- 
duced briquets  that  would  crush  easily  and  would  not  stand  up  satis- 
factorily in  the  fire.  This  tar,  if  its  price  permitted,  might  be  used 
for  waterproofing  briquets  made  with  soluble  binders,  as  starch,  sul- 
phite liquor,  or  molasses. 

43.  Pintsch  gas  tar. — Pintsch  gas  tar,  produced  by  the  heating  of 
petroleum  oil  in  iron  retorts  to  a  high  temperature,  is  obtained  as  a 
thin  emulsion  in  water,  being  too  thin  for  use  as  a  binder.  As  it  is  pro- 
duced only  in  very  small  amounts  in  the  United  States,  its  further 
examination  was  deemed  inadvisable. 

44.  Pittsburg  flux. — The  substance  known  as  Pittsburg  flux  is 
made  by  heating  petroleum  residuum  with  sulphur.  The  sample 
tested  was  tough  and  sticky,  would  cut  easily,  but  would  not  pull 
into  threads.  It  melted  to  a  thin  liquid  at  about  195^  C.  In  testing 
it  was  mixed  with  Illinois  No.  11  C  (4)  coal  and  heated  far  above 
100°  C.     It  produced  a  satisfac  tory  briquet  when  8  per  cent  was  used. 

ADDITIONAL   EXPERIMENTS   WITH    MIXTURES. 

All  the  briquets  made  with  inorganic  binders  were  brittle,  though 
very  hard.  Experiment  had  shown  that  when  brittle  pitches,  etc., 
were  used,  the  briquets  became  less  brittle  if  a  thinner  pitch  or  oil 
was  added.  Therefore  an  attempt  was  made  to  improve  these 
briquets  by  the  addition  of  organic  binders.  For  this  purpose  coal- 
tar  creosote  (27),  asphalt  tar  (42),  and  water-^as  tar  pitch  (39) 
were  chosen.    The  results  are  shown  in  the  following  table: 


LABOBATOBY  INVESTIOATIONS  OF  VABIOUS  BIN0EB8. 
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Results  of  briquetting  Calif omid  and  Illinois  coals  with  varying  mixtures  of  organic  and 

inorganic  binders. 


Binder. 


Coal. 


lUlnoiB  No.  6  B 


California  No.  1. 


Inorganic  oonititaant. 


Material. 


fPlaater  of  Paris.. 

..do 

..do 

Portland  oemoDt. 

..do 

..do 

Magnesium  oxide. 

...do 

...do 

Plaster  of  Paris. . 
Portland  cement . 
Magnesium  oxide. 
do 


Per 
cent. 


6 
6 
6 
6 
6 
6 
2 
2 
2 
6 
6 
3 
4 


Organic  constituent. 


Material. 


Coal-tar  creosote. . . 

Asphalt  tar 

Water-gas  tar  pitch. 
Coal-tar  creosote. . . 

Asphalt  tar 

Water-gas  tar  pitch. 
Coal-tar  creosote . . . 

Asphalt  tar 

Water-gas  tar  pitch . 

do 

do 

do 

do 


Per 
cent. 


4 
4 
4 
4 
4 
4 
4 
4 
4 
8 
8 
8 
4 


Qradeof 
coher- 
enoe.a 


3 
4 
4 
3 
3 
4 
3 
3 
3j 

4 

3 


a  See  p.  22. 

The  briquets  made  with  Illinois  coal  and  water-gas  tar  pitch  were 
fairly  good  and  stood  up  very  satisfactorily  in  the  fire.  The  ad- 
vantage gained,  however,  over  the  use  of  the  water-gas  tar  pitch 
alone  would  not  be  sufficient  to  offset  the  introduction  of  the  6  per 
cent  of  ash  with  the  cement  or  the  plaster  of  Paris,  or  the  cost 
of  the  magnesium  oxide  when  that  material  is  used.  The  cohesive 
force  of  the  briquets  made  with  the  two  binders  was  no  greater  than 
the  sum  of  the  cohesive  force  obtained  with  each  separately.  The 
only  advantage  to  be  gained  by  using  such  mixed  binders  would  be 
an  added  strength  in  the  fire.  Experiments  with  the  California 
lignite  were  therefore  made  as  above  shown.  The  briquets  were 
found  to  be  considerably  improved  as  to  their  behavior  in  the  fire 
by  the  addition  of  the  inorganic  constituent  of  the  binder.  Briquets 
from  this  coal  made  with  pitch  alone  fall  to  pieces  badly  in  the  fire. 
The  improvement  in  this  regard,  however,  is  offset  by  the  added 
expense  and  the  introduction  of  ash,  and  it  is  therefore  considered 
more  desirable  where  possible  to  mix  such  noncaking  coals  with 
caking  coals  before  briquetting.  If  this  is  not  practicable  then  the 
addition  of  inorganic  binders  might  be  tried  as  a  last  resort.  Should 
the  inorganic  binders  be  used,  magnesium  oxide  and  plaster  of  Paris 
will  be  foimd  to  give  the  most  satisfactory  results,  3  per  cent  of  the 
former  being  equivalent  to  5  to  6  per  cent  of  the  latter. 

98315°— Bull.  24—11 4 
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EXPERIMENTS  IN  BRIQUETTING  WITHOUT  BINBERS. 

Many  experiments  were  made  in  the  endeavor  to  obtain  briquets 
by  heating  the  coal  without  binder  and  then  pressing.  It  was  found 
that  if  this  heating  was  done  in  a  clay  crucible  as  usual,  coherent 
briquets  could  not  be  obtained.  But  if  the  heating  was  done  in  a 
small  nickel  crucible  and  the  pressure  applied  before  the  coal  was 
allowed  to  cool,  briquets  having  considerable  coherence  were  often 
produced.  If  the  coal  cooled  after  it  had  softened  or  commenced  to 
cake,  a  coherent  briquet  could  not  be  obtained,  and  even  on  again 
heating  the  coal  it  would  not  cohere  in  the  press.  This  fact  has  also 
been  noted  by  C.  C.  Catlett.*  It  was  undoubtedly  because  of  the 
necessary  chilling  of  the  heated  coal  in  taking  it  out  of  the  crucible 
that  better  results  were  not  obtained  by  this  method.  The  experi- 
ments show  the  necessity  of  heating  the  coal  under  pressure  if  briquets 
are  to  be  made  without  a  binder.  The  German  presses  for  briquetting 
lignite  coal  without  a  binder,  which  heat  the  coal  by  friction  produced 
in  the  molds,  are  undoubtedly  based  on  the  right  principle. 

RE8UI.TS  OF  TESTS  IN  BRIQUETTING  BIFFERENT  COAI-S. 

The  results  of  the  tests  here  reported  should  be  interpreted  in  con- 
nection with  the  detailed  discussion  of  each  binder.  Thus  while 
binders  12  D,  13,  25,  26,  etc.,  mentioned  in  the  table  which  follows, 
are  too  liquid  for  use  as  a  binder,  the  pitches  or  tarry  residues  left 
after  distilling  ofP  the  low-boiling  oils  from  these  binders  will  make 
excellent  briquets,  as  has  been  already  pointed  out.  It  should  be 
remembered,  moreover,  that  the  degree  of  fineness  to  which  the  coal 
is  powdered,  and  also  the  temperature  to  which  the  mixture  of  coal 
and  binder  is  heated,  will  affect  the  character  of  the  briquet  and  the 
percentage  of  binder  necessary  to  make  it  coherent.  Doubtless  an 
uncontrolled  variation  in  these  factors  has  caused  individual  results 
to  vary,  but  probably  not  to  such  an  extent  as  to  affect  any  important 
conclusions  to  be  drawn  from  the  work. 

Although  many  of  the  binders  were  tried  with  only  one  coal,  the 
result  permits  the  approximate  prediction  of  the  percentage  of  binder 
for  any  other  coal  in  the  table.  It  is  not  possible,  however,  to  predict 
with  the  same  certainty  for  the  lignites,  which  show  at  times  varia- 
tions not  susceptible  of  easy  explanation. 

a  Eng.  and  Mln.  Jour.,  vol.  71, 1901»  p.  329. 
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Remits  of  tests  in  hriqiietting  different  coah,  showing  percentages  of  hinder  necessary  to 

make  a  satisfactory  briquet. 


DesigxiAtion  of  binder. 

Field  designation  of  coals  and  lignites  briquetted. 

No. 

Ar- 
kan- 
sas. 
7  A?. 

Cali- 
for- 
nia. 
1. 

Colo- 
rado. 
1. 

Illinois. 

Material  .a 

4. 
6 

5. 
7 

6B. 

7C. 

7D. 

8. 
11 

OA. 

10. 
18 

11  B. 

1 

2 

8 

4 

5 

8 

9 

10 

18 

14 

i 
Clay '. 

1 
3 
4 
5 

8 
4 

8 

8 
5 

J, 

g 

if agmpAia . , , , 

4 

Magnesia  cement  & 

4 

Plaster  of  parts 

12 

PorOand  cement i    6 

12 

Natural  cement ■    7 

14 

Wate  r  glass 

9 
10 

14 

Rosin  .T 

6 
3 

8 
3 

4 

6 
5 
12 
8 
0 

6 

4 

12 

4 

5 

6 

6 

10 

1 
1 

6 

Pitch 

11 

12  A 
12  B 
12  C 
12  £ 
14 
16 
21 
22 

24  C 
24  D 
28  A 
28  B 
28C 
28D 
28  E 
28F 
28  Q 
28U 
281 
28J 
32 

37  A 
37  C 
37  D 
37  E 
37F 
30 
40 
41 

3.6 

Wood-tar  pitch 

10 

3 

4 

5' 
5 

5 
5 

4 
5 

3.6 

Pine-wood  tars 

4.6 

Fir  tar 

Sulphite  liquor 

Cornstarch 

"6.' 5' 
.5 

*  i2 

1 
.      1 

*  *  "  • 

1 

1 

0.76 

Potato  starch 

^75 

Producer-gas  tar  pitch. 
Producer-gas  tar 

4 

4 

6 
8 

6.5 
6.5 

7 

7 

16 

12 

8 

8 
7 
8 
6 
6 

Coal-tar  pitches 

** 

■  ■  ■  * 

14 

20 
16 

16 
12 

14 
10 

16 
12 

16 
12 

16 
11 

15 

11 

Maltha 

3 

3 
3.5 

6 

4 

4 

1 

4 

1 

4 

Petroleum  reslduums . . 

6 
7 
6 
6.5 

,.i 

" • • "f " 

WateMEas  tar  pitch — 
Wax  tailings 

4.5 
3 
12 

8 

6 

4 
14 

5 

6 

6.5 

6.5 

6 

5 
8 

Add  sludge 

14 

14 

a  The  following  materials  were  found  to  be  of  no  use  as  binders:  Lime  (2),  slag  cement  (8),  wood 
pulp  (15),  beet  pulp  (17),  lime  cake  (18),  and  impsonite  (30).  Those  found  to  be  too  liquid  for  use  as 
binder  were:  Pine-wood  tar  (12  D) ,  pine-wood  creosote  (12  F),  hard-wood  tar  (13),  illuminating-gas 
tar  (25) ,  by-product  coke-oven  tar  (26) ,  coal-tar  creosote  (27) ,  crude  oil  (36) .  water-cas  tar  (38) ,  asphalt 
tar  (42),  and  Pintsch  gas  tar  (43).  Satisfactory  briquets  were  not  obtained  from  oeet-sugar  molasses 
(19)  and  cane-«ugar  molasses  (20).    Blast-furnace  tar  is  not  produced  in  the  United  States. 

A  Contained  sufficient  magnesia  to  make  4  per  cent  MgO 
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Results  of  tests  in  hriquetiing  different  coalSf  showing  percentages  of  binder  necesswry  to 

make  a  satisfactory  briquet — Continued. 


Designation  of  binder. 

Field  designation  of  coals  and  lignites  briquetted. 

Material. 

No. 

Illinois. 

Indian 
Terri- 
tory. 
6. 

Iowa. 
2. 

Mis- 
souri. 
3. 

New 
Mexico. 

North 
Da- 
kota. 
1. 

Okla- 
homa. 

West 

Vir- 
ginia. 

lie  (4). 

14. 
16 

1. 
20 

2. 
81 

8 
5 
6 

3.5 
12 
6 

7. 
24 

9. 

1 

2 

16 

17 

18 

19 

22 

28 

2i 

Clay 

1 

3 

10 

11 

12  A 
J12B 
\12C 
21 
22 

24  D 
(28  A 
28B 
281 
28J 
31  A 
31  B 

37  A 

37  B 

37  C 

39 

40 

41 

44 

8 
5 
6 

3.5 
12 
5 
5 
1 
1 
6 
7 

Magnesia  

Rosin 

Pitch 

Wood-tar  pitch 

i 

6 
6 

10 

Pine-wood  tars 

Cornstarch 

1 
1 

1 
1 

1.5 
1.5 

Potato  starch 

Produoer-gas  tar 

8 

8 

8 
16 

14 

8 

16 
24 
18 

16 

n 

10 

Coal-tar  pitches 

1 

Oilsonlte 

4 
6 
6 
8 
4 
4 
4 
6 
4 
14 
8 



k 

Refined  asphalt 

. 

6 

I 

Petroleum  residuunis.. 

Water-gas  tar  pitch . . . 
Wax  ta  lings 

6.5 

• 

Add  sludge 

Pittsburg  flux 

GOVERNMENT  PUBLICATIONS  ON  BRIQUBTTING. 

The  following  reports  (except  those  to  which  a  price  is  affixed)  can 
be  obtained  by  appUcation  to  the  Director  of  the  Bureau  of  Mines, 
Washington,  D.  C.  The  priced  pubUcations  can  be  obtained  by 
sending  the  price,  in  cash,  to  th6  Superintendent  of  Documents, 
Qovemment  Printing  Office,  Washington,  D.  C. 

PUBLICATIONS  OP  THE  UNITED  STATES  GEOLOGICAL  SURVEY. 

Bulletin  No.  261.    Preliminary  report  on  the  operations  of  the  coal-testing  plant  of 

the  United  States  Geological  Survey  at  the  Louisiana  Piirchase  Exposition,  St. 

Louis,  Mo.,  1904.    E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in 

charge.    1905.    172  pp.    10  cents. 
pBorEssiONAL  pAPER  No.  48.    Report  on  the  operations  of  the  coal-testing  plant  of 

the  United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St. 

Louis,  Mo.,  1904.    E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in 

charge.    1906.    In  three  parts.    1492  pp.,  13  pis.    |1.60. 
Bulletin  No.  290.    Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of 

the  United  States  Geological  Survey  at  St.  Louis,  Mo.,  1906.    J.  A.  Holmes,  in^ 

charge.    1906.    240  pp.    20  cents. 
Bulletin  No.  332.    Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo., 

January  1, 1906,  to  June  30, 1907.    J.  A.  Holmes,  in  charge.    299  pp.    25  cents. 
Bulletin  No.  385.    Briquetting  tests  at  the  United  States  fuel-testing  plant,  Norfolk, 

Va.,  1907-8,  by  C.  L.  Wright.    1909.    41  pp.,  9  pis. 

PUBLICATIONS   OF   THE   BUREAU  OF  MINES. 

Bulletin  14.    Briquetting  tests  of  lignite  at  Pittsburg,  Pa.,  1908-9,  with  a  chapter 
on  sulphite-pitch  binder,  by  C.  L.  Wright.    1911.    61  pp.    11  pis. 

Bulletin  24.    Binders  for  coal  briquets.    56  pp.    Reprint  of  United  States  Geo> 
logical  Survey  Bulletin  No.  343. 
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PREFACE. 


By  Joseph  A.  Holmes. 


The  perpetuation  of  the  supply  of  anthracite  coal  in  Pennsylvania 
is  a  national  as  well  as  a  State  problem.  Any  investigation  that 
shows  how  larger  percentages  of  this  coal  may  be  saved  in  mining, 
without  excessive  cost,  and  without  dangerous  subsidence  of  the 
overlying  sm^ace  ground,  has  a  national  as  well  as  a  local  interest. 

Messrs.  Conner  and  Griffith,  who  conducted  the  investigations 
described  in  this  report  largely  for  the  city  of  Scranton,  are  consulting 
engineers  for  the  Bureau  of  Miaes  for  investigations  similar  to  those 
they  have  already  made  in  connection  with  their  Scranton  work; 
and  this  report  is  published  by  the  bureau  in  response  to  numerous 
requests,  because  of  the  fact  that  the  information  it  contains  will 
prove  useful  in  the  general  solution  of  similar  problems  in  many  of 
the  country's  coal  fields. 

A  study  of  the  accompanying  maps  will  show  that  the  city  of 
Scranton  is  underlain  by  11  separate  beds  of  coal,  varying  in  thick- 
ness from  2  to  24  feet.  It  is  estimated  that  before  mining  opera- 
tions were  begun  these  beds  of  coal  contained  underneath  the 
present  city  limits  of  Scranton  600,000,000  tons  of  coal.  The  27 
collieries  operating  within  the  city  limits,  working  independently 
of  each  other,  had  excavated  and  removed,  up  to  March,  1911, 
t^  Aggregate  of  198,000,000  cubic  yards  of  coal  and  accompanying 
rock,  or  3,000,000  cubic  yards  more  than  the  total  amount  of 
material  excavated  and  to  be  excavated  by  the  United  States  in 
constructing  the  Panama  Canal.  This  fact  illustrates  something  of 
the  magnitude  of  the  problem  that  the  city  of  Scranton,  with  the  aid 
of  these  engineers  and  of-  a  special  commission  or  advisory  board, 
has  undertaken  to  solve.  The  excavation  has  included  177,000,000 
tons  of  coal  and  44,000,000  tons  of  rock  and  accompanying  refuse. 
This  leaves  about  420,000,000  tons  of  coal  still  to  be  removed. 

As  a  result  of  other  investigations  and  of  experience  in  adjacent 
anthracite  mines,  Messrs.  Conner  and  Griffith  and  the  advisory  board 
of  engineers  have  advised  that,  as  far  as  may  be  necessary  to  prevent 
dangerous  surface  subsidence,   the  spaces  remaining  beneath  the 
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city  of  Scranton  from  the  excavation  of  the  above-described  material 
should  be  filled  with  sand  and  other  materials  by  flushing  or  other 
processes.  This  operation  is  expensive,  but  it  is  believed  to  be  not 
beyond  the  reach  of  what  is  practicable,  nor  in  excess  of  the  value  of 
the  coal  that  may  be  removed  and  the  amount  of  damages  that  may 
result  from  the  caving  in  of  the  sm^ace  if  such  a  plan  is  not  carried  out. 

No  one  realizes  so  fully  as  do  the  authors  of  this  report  the  need  of 
additional  tests  and  other  investigations  before  the  data  now  pre- 
sented by  them  can  be  fully  accepted  as  sufficient  for  all  purposes  in 
the  solution  of  the  problem;  and  it  is  expected  that  at  some  early 
date  a  more  extensive  series  of  similar  tests  can  be  made  by  the 
Bureau  of  Mines  xmder  the  supervision  of  Messrs.  Conner  and  Griffith 
on  a  larger  scale  and  under  a  greater  variety  of  conditions. 

The  field  examinations  made  for  the  Biu*eau  of  Mines  by  N.  H. 
Darton,  which  are  described  briefly  in  a  chapter  of  this  bulletin  and 
wiU  be  discussed  at  length  in  a  bulletin  to  be  published  later,  indicate 
the  extent  and  distribution  of  the  sands,  gravels,  and  other  materials 
in  the  Scranton- Wilkes-Barre  district  available  for  flushing  purposes 
if  further  tests  indicate  their  relative  merits;  and  it  is  expected 
that  the  relative  merits  of  these  different  materials  will  soon  be 
tested  under  such  conditions  as  will  furnish  the  desired  information. 
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By  William  Geippith  and  Eli  T.  Conneb. 


UETTBR   OF   TRANSMITTAL. 

To  the  honorable  Mayor  and  Council  of  the  City  of  Scranton,  and  to 
the-  Board  of  Control  of  the  Scranton  School  District: 

Gentlemen:  In  rendering  to  you  the  following  report  upon  the 
mining  conditions  under  the  city  of  Scranton,  with  observations  and 
recommendations  for  the  amelioration  of  the  same,  we  feel  that  an 
apology  is  due  for  the  voluminous  proportions  of  the  document.  We 
trust,  however,  that  you  will  consider  the  magnitude  of  the  subject, 
and  the  manifest  necessity  under  the  circumstances  of  sacrificing 
brevity  for  clearness. 

We  have  considered  all  the  phases  of  the  question  in  hand  as  fully 
and  thoroughly  as  possible,  having  not  only  exhausted  all  the  sources 
of  present  information  available  to  us,  but  having  made  many 
tests  and  experiments  as  to  the  strength  of  materials  and  the  effi- 
ciency of  roof-supporting  devices,  both  those  at  present  in  use  and 
those  originated  by  us.  We  may,  therefore,  perhaps  be  pardoned  for 
felicitating  ourselves  with  the  consciousness  that  the  whole  question 
has  been  investigated  and  is  herein  considered  with  all  the  complete- 
ness which  oiur  ability  and  limitations  would  permit. 

We  desire  to  express  our  appreciation  of  the  pleasant  and  courteous 
manner  in  which  all  the  mining  companies,  including  managers,  super- 
intendents, and  inside  officials,  and  the  officials  of  the  Fritz  engineer- 
ing laboratory  of  Lehigh  University,  have  assisted  us  during  the  prog- 
ress of  the  investigation,  for  without  this  cordial  cooperation  this 
report  could  not  have  been  submitted  in  its  present  completeness. 
Our  acknowledgments  are  also  due  to  and  on  account  of  the  treat- 
ment accorded  us  by  the  officials  of  the  city  and  board  of  control,  by 
the  press  and  the  public,  and  to  Mr.  S.  N.  Callender,  for  the  use  of  his 
copy  of  the  city  atlas.  Also  to  the  members  of  the  advisory  board, 
for  the  care  and  enthusiasm  with  which  they  have  considered  this 
report,  and  for  their  practical  suggestions,  which  are  incorporated 
herein. 

Very  respectf uUy, 

Wm.   GEIFPrTH, 

EliT.  Conneb. 
SoBANTON,  Pa.,  March  j?0,  1911. 


STJMMART. 

We  would  summarize  our  findings  as  follows : 

The  report  is  accompanied  by  plates  which  present  a  full  set  of 
plans  of  the  city  of  Scranton  and  the  mine  workings  thereunder,  and 
also  cross  sections  showing  the  positions  of  the  several  beds  of  coal 
and  the  intervening  strata.  From  these  plates  one  can  readily 
determine,  at  almost  any  given  point,  the  depth  of  the  coal  below  the 
surface,  the  thickness  of  the  beds,  and  the  tMckness  of  the  interven- 
ing strata,  since  all  of  the  plans  are  drawn  to  scale.  These  plates 
should  be  carefully  studied  in  connection  with  the  report  and  tables. 
As  provided  for  in  our  contract,  these  plans  are  based  upon  informa- 
tion obtained  from  the  maps,  records,  and  data  loaned  to  us  by  the 
several  mining  corporations,  the  Pennsylvania  geological  survey  of 
1885,  and  from  our  own  personal  investigations  and  measurements. 

It  will  be  noted  that  the  coal  basin  underlying  the  city  is  wide  and 
comparatively  shallow,  so  that  the  coal  beds  and  the  intervening 
strata  are  comparatively  flat,  by  reason  of  which  fact  the  artificial 
pillars  that  may  be  inserted  are  not  at  all  liable  to  slip  or  move  on 
account  of  the  dip  of  the  seams.  The  only  part  of  the  coal  measures 
underlying  this  city  where  there  is  an  excessive  dip  is  along  the  West 
Mountain,  where  pitches  as  steep  as  50*^  are  found.  There  is  only  a 
small  part  of  the  surface  underlain  by  such  pitching  seams  that  car- 
ries important  improvements,  namely,  in  the  vicinity  of  No.  23 
School  and  what  is  locally  known  as  the  ''Notch." 

After  about  40  days  of  careful  inspection  of  undergroimd  condi- 
tions at  all  of  the  collieries  operating  within  the  city  limits,  we  find 
that  the  total  quantity  of  coal  and  refuse  that  has  been  extracted 
under  the  city  of  Scranton  is  about  221,000,000  tons. 

There  has  been  produced  for  market  from  the  27  collieries,  177,000,- 
000  tons  of  coal. 

The  space  excavated  under  the  city  is  about  198,000,000  cubic 
yards.  The  total  estimated  excavation  by  the  United  States  for 
the  Panama  Canal  is  195,323,000  cubic  yards. 

It  must  not  be  understood  that  the  hole  from  which  the  above 
material  has  been  taken  is  still  open.  It  is,  of  coiurse,  impossible  to 
say  what  percentage  of  the  space  excavated  remains  open,  but  we 
would  express  the  belief  that  it  does  not  exceed  one-half  of  the 
original,  due  to  the  numerous  squeezes  and  cave-ins  that  have 
occurred. 

After  spending  more  than  40  days'  time  studying  maps,  after 
testing  various  materials  used  and  considered  for  roof  support  in  the 
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mines,  and  after  tabulating  and  considering  the  information  gained 
by  these  investigations;  the  conclusions  we  have  reached  are  as 
follows: 

Although  some  other  devices  are  locally  useful,  the  only  method 
that  combines  the  necessary  qualities  of  strength,  ease  of  applica- 
tion, and  reasonable  cost  is  filling  the  underground  openings  by  what 
is  known  as  the  ''flushing"  method,  using  for  flushing  culm,  sand, 
crushed  rock,  and  other  fine  material  that  can  be  washed  into  the 
mines  with  water.  This  method  was  originated  in  the  anthracite 
region  of  Pennsylvania,  and  has  been  extensively  adopted  in  Euro- 
pean mines,  where,  at  great  expense,  sand,  loam,  and  crushed  rock 
are  flushed  into  the  mines  following  the  removal  of  the  coal  by  the 
longwaU  method  of  mining. 

The  tables  and  estimates  of  cost  contained  in  the  body  of  the  report 
give  in  detail  the  results  of  our  investigations  and  conclusions. 

We  therefore  offer  as  our  only  recommendation  that  the  flushing 
method  be  adopted,  under  the  plans  and  specifications  contained  in 
the  body  of  the  report  and  in  plates  1  to  24.  From  the  report 
the  following  general  conclusions  are  drawn: 

1.  Speaking  broadly,  the  surface  of  the  city  can  be  supported  by 
the  methods  reconunended,  and  at  a  cost  not  in  any  sense  prohibi- 
tory when  considered  with  relation  to  the  value  of  the  property  and 
operations  for  which  support  is  absolutely  essential. 

2.  Although  in  our  judgment  there  are  points  in  the  city,  as 
indicated  in  the  detailed  report,  where  at  the  present  time  there  is 
distinct  and  immediate  danger  to  Ufe  and  property,  yet  the  total 
area  immediately  threatened  constitutes  but  about  15  per  cent  of 
the  entire  area  of  the  city,  and  the  danger  is  mainly  from  workings 
in  surface  beds. 

3.  On  the  west  side  the  beds  of  the  middle  series  are  thick  and 
close  together,  and  the  pillars  are  not  columnized,  creating  a  dan- 
gerous situation  where  the  workings  have  not  been  closed  by  previous 
caves.  Particular  areas  thus  threatened  can  not  be  definitely  speci 
fied  on  account  of  the  iaaccessibility  of  much  of  the  mined-over  area. 
Detailed  investigation  should  be  made  of  the  portions  of  the  mines 
not  already  closed.  Relatively,  we  do  not  beUeve  that  a  large  part 
of  the  territory  mentioned  is  threatened  on  account  of  so  much 
ground  having  been  already  closed  by  caves. 

Special  attention  is  called  to  the  conditions  under  schoob  Nos. 
13,  23,  and  29.    They  should  be  attended  to  promptly. 

The  lower  series  of  beds,  namely,  the  three  Dunmores,  are  so  thin 
and  so  far  below  the  surface  that  with  the  usual  system  of  mining 
we  do  not  think  they  constitute  a  serious  menace  to  the  improve- 
ments on  the  surface,  except  along  the  margin  of  solid  blocks  of 
unmined  coal  and  near  the  outcrops.  In  the  deep-lying  parts  of 
the  Dunmore  beds  we  believe  these  soUd  blocks  should  be  mined. 
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4.  It  would  seem,  therefore,  to  be  not  only  the  part  of  wisdom, 
but  absolutely  obligatoiy,  to  immediately  commence  supporting 
the  points  menaced,  and  thereupon  proceed  upon  a  general  policy 
of  giving  support  to  the  entire  area  of  the  city,  for  it  must  be  borne 
in  mind  that  with  the  mining  activities  that  are  constantly  going  on 
other  and  additional  points  of  danger  are  not  only  liable  to,  but  in 
all  probabiUty  will,  develop  with  each  passing  year — ^it  might  almost 
be  said  with  each  passing  month. 

5.  YHiere  the  owner  of  the  surface  has  undoubted  right  to  the 
support  thereof  by  coal  pillars,  in  our  opinion  he  could  permit  the 
removal  of  such  pillars;  the  value  thereof  would  under  average  con- 
ditions pay  for  such  artificial  support  as  we  have  recommended,  if 
it  be  assumed  that  the  pillars  were  mined  and  the  support  constructed 
by  the  same  operating  company.  This  observation,  however,  is 
based  upon  the  assumption  that  in  such  case  the  operating  company 
is  one  of  the  large  transportation  companies,  inasmuch  as  although 
there  might  not  be  a  profit  in  the  immediate  transaction  of  mining 
the  pillars  and  installing  the  support,  there  would,  of  course,  be  a 
profit  to  such  companies  in  carrying  the  coal  to  market. 

6.  Culm  flushing  should,  be  used  only  in  coal  beds  having  light 
cover,  up  to  200  to  500  feet,  according  to  the  settlement  expected. 
But  sand,  being  four  or  five  times  as  strong  as  culm,  is  better,  and, 
being  suitable  for  filling  all  beds  under  Scranton,  is  to  be  preferred. 

7.  We  believe  that  the  conclusions  adduced  from  the  tests  made, 
and  the  calculations  and  tabulations  based  thereon,  are  reasonably 
reUable;  yet  we  desire  to  record  the  opinion  that  there  are  conditions 
existing  in  the  mines  to  which  they  might  not  apply.  Such  might 
be  the  case,  for  instance,  in  localities  where  several  beds  of  coal  are 
separated  by  thin  strata  of  shale  and  slate  or  even  sandstone,  and 
the  pillars  in  the  two  or  more  beds  are  not  over  one  another,  and  it 
is  proposed  to  reclaim  aU  or  any  part  of  the  pillars. 

Even  though  an  application  of  the  above-mentioned  tables  might 
appear  to  fit  the  conditions,  we  believe  that  the  only  permissible 
procedure  would  be  to  first  fill  with  flushed  material  all  of  the  open- 
ings in  the  lowest  bed  of  the  series,  and  then  fill  upward  until  all 
the  beds  are  filled,  care  being  taken  to  have  the  flushed  areas  over 
one  another.  After  all  of  the  openings  in  all  of  the  beds  have  been 
filled  the  pillars  in  the  uppermost  bed  may  be  attacked,  and  the 
space  occupied  by  each  pillar  filled  as  soon  as  the  pillar  is  removed. 
No  pillar  reclamation  should  be  permitted  in  any  of  the  other  beds 
untU  all  of  the  pillars  in  the  upper  bed  have  been  removed  and  the 
overburden  has  come  to  rest  on  the  flushed  material;  after  which  the 
pillars  in  the  next  lower  seam  may  be  attacked  and  handled  in  like 
manner. 

8.  Hannonious  plans  and  procedure  between  the  coal  companies, 
the  city,  the  school  authorities,  and  the  public  are  essential  to  the 
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successful  carrying  out  of  any  relief  measures  that  are  herein  or  may 
be  hereafter  suggested.  Some  facts  that  should  be  evident  to  all  are 
that  the  prosperity  of  the  city  and  of  the  community  is  to  a  large 
extent  dependent  upon  the  coal  companies;  that  drastic  laws  or 
regulations  that  may  curtail  the  mining  of  coal  will  necessarily  react 
on  the  prosperity  of  the  community ;  and  that  any  ameliorating  plans 
or  compromises  which  it  may  be  possible  to  effect  between  the  city 
and  the  mining  companies  tend  to  prolong  the  life  of  the  mining 
industry  in  Scranton  and  vicinity,  and  should  be  promoted. 

It  should  therefore  be  the  aim  of  all  interested  in  mine-cave  pro- 
tective measures  and  of  the  companies  operating  the  mines  to 
adopt  plans  that  will  best  conserve  the  welfare  of  all  interested. 

The  expenditure  for  the  work  would  of  course  be  distributed  over 
many  years,  the  relief  measures  being  applied  at  the  points  most  in 
need  of  protection  and  as  rapidly  as  proper  arrangements  could  be 
effected  and  the  necessary  details,  surveys,  etc.,  prepared. 

For  the  businesslike  carrying  out  of  the  plans  suggested  it  is  recom- 
mended that  a  protective  commission  be  established,  consisting  of 
not  less  than  three  nor  more  than  five  men,  representing  the  city 
authorities,  the  school  board,  and  the  coal  companies — ^this  com- 
mission to  have  full  and  complete  authority  for  the  execution  of  the 
plans,  and  to  be  approved  by  the  proper  legal  action.  The  commis- 
sion should  employ  an  engineer  who  should  devote  all  his  time  to  the 
service  as  active  manager  of  the  work. 

THE  REASON  WHY. 

The  occasional  mine  caves  or  settlements  in  various  parts  of  Scran- 
ton during  the  past  years  had  long  caused  more  or  less  public  concern, 
until  finally  popular  sentiment  was  brought  to  a  focus  by  the  settle- 
ment in  Hyde  Park,  on  August  29,  1909.  This  subsidence  seriously 
damaged  public  school  No.  16  and  much  other  surrounding  property; 
and,  if  it  had  occurred  while  school  was  in  session,  might  have  been 
the  cause  of  loss  of  life. 

Immediately  following  this  event  committees  of  councils,  board 
of  control,  and  board  of  trade  took  action  in  an  endeavor  to  discover 
the  immediate  physical  causes  of  the  caving,  as  well  as  the  legal 
responsibility  therefor;  and  after  much  consideration,  the  former 
mayor,  Hon.  J.  B.  Dimmick,  who  was  called  in  consultation  with  the 
joint  committee,  proposed  the  plan  as  set  forth  below  and  quoted 
from  his  final  report,  to  wit: 

To  the  joint  committee  of  mine  caves  of  select  and  common  councils  cmd  of  the  hoard  of 
controlt  Benton  T.  Jayne^  chairman: 

Gentlemen:  I  beg  leave  to  herewith  make  report  of  what  I  have  been  able  to 
accomplish  in  pursuance  of  your  instructions  looking  to  the  selection  of  an  engineer  to 
be  employed  by  the  city  and  the  board  of  control  for  the  purpose  of  making  a  study  of 
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the  physical  aspect  of  the  entire  mine-cave  problem  as  it  affects  our  city,  and  to 
make  a  report  thereon  together  with  such  recommendations  as  would  seem  fitting 
and  practicable. 

Shortly  after  I  received  your  instructions  I  laid  the  entire  situation  before  John 
Hays  Hammond,  the  well-known  engineer,  and  he  at  once  not  only  became  deeply 
interested  in  the  problem  but  offered  his  aid  and  assistance  without  compensation, 
direct  or  indirect,  being  moved  simply  by  a  willingness  to  'pedonn.  public  service. 

After  much  thought  and  conversation  with  the  gentlemen  whose  names  are  herein- 
after given,  the  following  definite  plan  has  been  worked  out  and  awaits  but  acceptance 
upon  the  part  of  the  city  government  and  the  board  of  control. 

PLAN. 

An  advisory  board  has  been  formed  consisting  of  five  well-known  engineers,  with 
power  to  add  to  their  number,  namely:  John  Hays  Hammond,  D.  W.  Brunton,  R.  A. 
F.  Penrose,  jr.,  Lewis  B.  Stillwell,  and  W.  A.  Lathrop,  this  board  having  all  agreed 
to  act  without  compensation  fi  After  a  careful  investigation  of  the  necessary  qualifictr 
tions  of  the  engineers  that  would  make  the  actual  study  upon  the  ground,  they  sug- 
gested the  names  of  Eli.  T.  Conner,  of  Philadelphia,  Pa.,  and  William  Griffith,  of 
Scranton,  Pa.,  Mr.  Conner  having  had  considerable  experience  in  anthracite-mining 
operations,  and  Mr.  Griffith  being  especially  informed  as  to  the  geological  formation 
of  this  section.  These  two  engineers  to  be  employed  by  the  city  and  the  board  of  con- 
trol, and  upon  the  filing  of  their  report,  the  same  to  be  carefully  considered  and  passed 
upon  by  the  advisory  board. 

In  order  that  the  matter  might  be  in  complete  form  for  your  consideration,  I  secured 

from  the  two  engineers,  as  recommended,  a  definite  proposition,  which  is  herewith 

incorporated  in  extenso: 

Scranton,  Pa.,  May  t.5, 1910, 
Hon.  J.  Benj.  DoncicK,  Scranton,  Pa.: 

As  a  result  of  our  conference  with  you  yesterday,  in  accordance  with  your  request 
made  at  that  time,  we  respectfully  submit  the  following: 

Of  course,  it  is  recognized  by  everybody  that  the  situation  is  serious  regarding  the 
mining  conditions  under  portions  of  the  city  of  Scranton,  and  the  proposition  of  pro- 
ecting  the  whole  city  can  best  be  met  by  a  frank  recognition  of  the  varying  conditions 
that  undoubtedly  exist,  certain  sections  of  the  city  being  really  in  danger,  while  others 
are,  practically  speaking,  not  menaced.  While  our  proposed  report  would  be  general 
in  character,  and  intended  to  cover  the  entire  city,  yet  it  would  properly  be  especially 
concerned  with  those  sections  of  the  city  that  are  immediately  threatened. 

It  seems  to  us  that  what  is  most  necessary  at  the  present  time  is  more  accurate 
knowledge  of  the  physical  conditions  which  now  prevail,  and  we  would  suggest  a 
report  based  upon  the  results  of  a  careful  study  of  such  physical  conditions  as  they  at 
present  exist  in  the  mines  irnder  the  city  of  Scranton;  this  report  to  be  general  in  its 
nature.  We  would  group  together  the  various  similar  conditions  in  several  classes,  to 
each  of  which  similar  remedies  or  lack  of  remedy  might  apply,  with  suggestions  not 
only  as  to  remedies  but  also  as  to  the  approximate  cost  thereof  under  certain  ascer- 
tained conditions.  We  should  expect  to  also  include  in  said  report  such  general  obser- 
vations and  recommendations  touching  the  entire  situation  as  would  seem  to  be  justi- 
fied by  our  inspection  and  study  thereof.  The  completeness  and  value  of  any  such 
report  would  depend  in  a  large  measure  upon  the  assistance  and  cooperation  tendered 
us  by  the  several  mining  companies  who  are  now  operating  under  the  city  and  of  the 
city  and  school  authorities. 

•  The  adyliory  board  Bubeequently  iuclnded  the  following  additfonal  memben:  Dr.  H.  8.  Drlnkir, 
presideiit  of  Lehigh  University;  Dr.  J.  A.  Holmes,  director  of  the  Bureau  of  Mines;  Prof.  7.  F.  Kemp, 
Oolnmbla  UnlYendtj;  Prof.  7.  F.  McClelland,  Yale  University;  and  Prof.  H.  L.  Smyth,  Harvard  Unl- 
venttr. 
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It  is  to  be  distinctly  iinderstood  that  such  proposed  report  and  study  of  the  situation 
existing  under  Scranton  would  be  based  upon  such  information  as  might  be  obtained 
from  the  second  geological  survey  and  from  such  other  maps  of  the  various  coal-mining 
companies  and  the  city  and  school  authoritiesi  to  which  access  could  be  obtained  for 
the  engineers,  and  from  such  pereonal  inspection  of  accessible  portions  of  the  minee 
as,  in  our  judgment,  shall  be  necessary.  We  would,  however,  give  expression  to  our 
belief  that  such  surveys  aro  sufficiently  accurate  and  reliable  as  a  basis  for  the  general 
conclusions  that  the  report  will  be  expected  to  set  forth. 

It  seems  to  us  that  the  information  to  be  secured  through  such  a  report  would  be  the 

first  requisite  to  a  subsequent  detailed  investigation  and  application  of  any  remedies 

which  might  be  suggested  for  the  amelioration  of  the  mining  conditions  under  this  city. 

Yours,  respectfully, 

(Signed)  Wm.  Griffith, 

Eu.  T.  Conner, 

Mining  Engineen. 

It  therefore  remains  but  for  the  community,  through  its  city  government  and  the 
board  of  control,  to  employ  these  two  engineers  at  the  price  stipulated  in  order  to  re- 
ceive a  general  report  upon  the  cave  problem  that  should  command  the  respect  and 
the  confidence  of  all  parties  interested,  not  only  because  it  will  have  been  prepared  by 
engineers  selected  by  a  board  composed  of  experts  of  national  reputation,  but  also 
because  the  very  findings  of  such  engineers  would,  in  their  turn,  be  submitted  to  and 
reported  upon  by  that  same  advisory  board.  In  short,  the  community  would  then  be 
provided  with  information  as  to  facts  and  opinions  as  to  remedies  that  would  form 
solid  ground  for  both  future  deliberations  and  future  activities. 

I  can  not  refrain  from  suggesting,  assuming  the  acceptance  of  this  most  unselfish 

offer  upon  the  part  of  men  of  high  professional  equipment  and  without  personal  interest 

in  the  welfare  of  Scranton,  that,  /simultaneously  with  the  enactment  of  the  necessary 

legislation  to  carry  into  effect  this  plan,  there  should  be  official  appreciation  of  their 

proffered  assistance. 

Respectfully  submitted. 

J.  Benj.  Doncicx. 
Certified  copy. 

Evan  R.  Morris,  Oi^  Clerk, 

Seftbmber  15, 1910. 

GEOIiOGT. 

The  city  of  Scranton  occupies  the  surface  overlying  the  whole 
width  (5  miles)  of  the  Lackawanna  coal  field,  and  extends  about  5 
zmles  up  and  down  the  valley.  The  central  part  of  the  city  is  over 
the  center  of  the  coal  basin,  while  the  margin  of  the  basin  on  the 
East  and  West  Mountains  nearly  coincides  with  the  city  line  along 
those  hiUs. 

The  floor  of  this  coal  basin  is  formed  by  the  hard  Pottsville  con- 
glomerate or  ''pudding  stone,"  which  comes  to  the  surface  on  the 
mountain  sides  east  of  Roaring  Brook,  and  dipping  down  under  the 
surface  in  the  form  of  a  deep  trough  or  basin  passes  under  the 
central  part  of  the  city  at  a  depth  of  several  hundred  feet,  and 
again  reaches  the  surface  on  the  flanks  of  the  West  Mountain.  Pas- 
sengers on  the  Laurel  Line  can  note  this  conglomerate  on  both  aides 
of  the  Roaring  Brook  ravine  and  at  the  stone  quany  on  the  east 
near  the  switch  where  the  Dunmore  branch  leaves  the  main  line. 
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It  is  the  conglomerate  that  forms  the  roof  of  the  Lackawamia  tumiel 
at  Nay  Aug,  and  is  again  cut  by  this  raiboad  on  the  west  side  of  the 
valley,  at  Leggetts  Creek  Gap. 

As  before  stated,  this  rock  forms  the  floor  of  the  coal  basin.  No 
coal  exists  below  it;  therefore  all  the  coal  under  the  city  of  Scranton 
is  to  be  found  in  the  rocks  which  fill  this  trough  or  basin  and  overlie 
the  Pottsville  conglomerate.  The  coal  is  deposited  in  parallel  layers 
or  beds,  known  locally  as  ''coal  veins,"  that  are  approximately  par- 
allel to  the  conglomerate  floor,  and  lie  deepest  in  the  central  part  of  the 
basm.  They  extend  with  persistence  and  considerable  regularity  from 
outcrop  to  outcrop,  except  where  they  were  removed  with  other  rocks 
during  the  surface  erosion  of  past  ages. 

In  ally  there  are  11  principal  coal  beds  under  this  city,  known  by 
names  as  follows,  beginning  with  the  highest: 

The  Eight-Foot  coal  bed,  which  is  present  only  in  two  small  areas 
or  islands  under  the  highest  part  of  the  Hyde  Park  hill. 

The  Five-Foot  and  Four-Foot  beds,  which  are  only  in  the  hill  top 
on  the  west  side  from  Dodge  to  Marvine,  above  the  level  of  the 
Lackawanna  River. 

The  Diamond  and  Rock  beds,  which  are  on  the  west  side  only  of 
Lackawanna  River,  under  Bellevue,  Hyde  Park,  Providence,  and 
parts  of  Keyser  Valley. 

The  Big  or  Fourteen-Foot  and  New  County  beds,  which  extend 
under  the  whole  west  side,  and  also  become  surface  beds  on  the  east 
side  at  the  National  colliery,  near  the  south  line  of  the  city;  also 
under  the  central  city  and  hill  section,  nearly  to  the  Moses  Taylor 
Hospital. 

The  Clark,  Dunmore  No.  1,  Dunmore  No.  2,  and  Dunmore  No.  3 
beds,  which  extend  under  the  whole  city  from  Nay  Aug  Park  to  the 
West  Mountain. 

For  the  thicknesses  of  these  several  beds,  the  distances  between 
them,  and  their  relative  positions  in  the  coal  measures,  the  reader  is 
referred  to  the  columnar  section  sheets  contained  in  Plates  1  to  24  of 
this  report. 

HISTORY. 
BAALY  DBVBLOPMBNT8. 

The  late  Dr.  B.  H.  Throop  reported  to  an  industrial  convention  at 
Tunkhannock,  in  the  year  1842,  that  the  Lackawanna  Valley  from 
Archbald  to  Pittston  '^  contains  upward  of  one  hundred  coal  mines 
opened,  and  many  of  them  are  made  at  present  a  source  of  profit 
both  from  domestic  and  foreign  markets.  There  are  sent  some  five 
or  six  thousand  tons  of  coal  annually  by  sledges  and  wagons  to  the 
States  of  New  York  and  New  Jersey,  in  exchange  for  salt,  plaster,  etc," 

97821^— Bull.  25—12 2 
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In  1841  the  first  furnace  of  the  Lackawanna  Iron  &  Coal  Co.  was 
filled  and  fired,  and  though  this  effort  to  manufacture  iron  from  local 
ores  proved  a  total  failure,  it  nevertheless  gave  a  decided  impetus  to 
the  coal-mining  industiy  of  this  locality.  Subsequently  iron  ore  and 
limestone  were  brought  from  a  distance,  and  anthracite  was  success- 
fully used  for  smelting  iron.  Since  this  b^inning  the  coal  industiy 
of  Scranton  has  continuously  flourished  until  the  present. 

The  mines  worked  by  the  iron  company  in  1841  were  on  both  sides 
of  Roaring  Brook.  The  Gark  bed  was  worked  near  the  viaduct; 
later  the  Dunmore  beds  were  worked  near  the  site  of  the  present 
Laurel  line  power  house  by  what  were  known  as  the  Rolling  Mill 
drifts.     For  several  years  these  were  the  principal  mines  in  Scranton* 

In  1851  the  Lackawanna  &  Western  Railroad  was  built  from 
Scranton  to  connect  with  the  Erie  road  at  Great  Bend.  The  Dela- 
ware &  Cobbs  Gap  road  (chartered  in  1849)  was  merged  with  the 
Lackawanna,  and  in  1856,  under  the  name  of  the  Delaware,  Lacka- 
wanna &  Western  Railroad,  was  built  through  from  Scranton  to  the 
Delaware  River.  In  1858  the. Lackawanna  &  Bloomsbui^  road  was 
built.  Equipped  thus  with  new  and  permanent  outlets  for  its 
resources,  the  mining  industry  of  the  valley  and  the  city  advanced 
with  rapid  strides. 

About  1852  the  Diamond  mines  were  opened.  In  1854  the  Rock- 
well mine  at  L^^etts  Gap,  and  the  Bellevue  colliery  were  opened. 
The  opening  of  numerous  other  coal  operations  followed  in  rapid 
succession. 

XnUNG  METHODS. 

The  room  and  pillar  system  of  mining  was  adopted  in  these  old 
mines,  and  has  been  continued  in  all  the  mining  of  the  region  to  the 
present  time.  This  method  consists^  briefly,  in  driving  an  airway 
and  a  gangway  about  15  feet  apart  and  parallel  in  the  coal  bed.  On. 
the  high  side — ^that  is,  to  the  rise— chambers  or  rooms  are  driven 
parallel  to  each  other  and  at  right  angles  to  the  gangways.  The 
rooms  are  about  30  feet  wide  and  are  separated  by  partitions  about 
15  feet  in  thickness  called  pillars.  The  coal  production  of  the  mine 
is  mainly  taken  from  the  contents  of  the  rooms;  the  pillars,  which 
comprise  approximately  one-third  of  the  coal,  are  left  to  support  the 
surface.  This  practice  of  leaving  one-third  of  the  coal  for  surface  sup- 
port was  adopted  at  the  start,  and  was  found  suflScient  for  the  com- 
paratively light  overburden  to  be  sustained  in  the  mining  of  the 
beds  near  the  surface.  It  has  been  continued  as  an  empirical  rule 
with  little  variation,  in  the  deeper  mining  under  the  city,  without 
reference  to  the  weight  on  the  pillars  or  the  strength  of  the  coal. 

In  the  past  the  several  beds  of  each  mine  were  worked  independ- 
ently of  each  other  and  no  attempt  was  made  to  regulate  the  size, 
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position,  and  diBtribution  of  pillars  aside  from  the  one-third  rule. 
Consequently,  the  pillars  are  not  columnized;  in  other  words,  they 
are  not  exactly  over  each  other.  Many  of  the  thick  beds  of  the 
middle  measures  under  the  Hyde  Park  and  Providence  sections  are 
close  together.  Therefore  the  pillars  in  these  thick  beds,  not  bemg  col- 
umnized, have  a  decided  tendency  to  crush  through  the  interval 
between  the  beds,  the  pillars  of  an  upper  bed  settling  into  the  exca- 
vations or  rooms  of  the  lower  workings. 

Another  feature  that  should  be  brought  out  in  this  historical 
sketch  of  early  mining  in  Scranton  is  that  the  universal  practice  in 
the  old  days  was  to  mine  only  the  best,  thickest,  and  most  accessible 
coal  beds,  and  also  only  the  profitable  parts  of  each  bed,  and  to  leave 
unmined,  as  refuse,  the  parts  which  for  one  cause  or  another  were 
found  more  expensive  to  work.  Therefore,  in  these  latter  days  some 
of  the  coal  beds  already  mined  over  and  ready  to  be  abandoned  have 
been  found  to  carry  rider  coal  above  or  bottom  coal  below,  which  can 
be  removed  at  a  profit.  And,  therefore,  for  the  past  few  years  the 
total  production  from  several  beds  has  been  from  such  remining 
of  top  and  bottom  coal.  This  remining,  of  course,  leaves  the  pillars 
from  2  to  6  feet  taller  than  they  were  before  for  the  same  horizontal 
area,  consequently  the  pillars  are  much  weaker  and  less  able  to  support 
the  overburden. 

In  consequence  of  the  several  conditions  related  above  there  have 
been  from  time  to  time  numerous  and  more  or  less  serious  caves  or 
subsidences  of  the  surface,  principally  on  the  west  side,  which  have 
caused  some  damage  to  surface  property,  but  no  loss  of  life.  In 
every  instance  the  damage  has  been  speedily  repaired  and  tempo* 
rarily  forgotten.  The  accumulated  result  of  these  repeated  subsid- 
ences has  probably  left  certain  parts  of  the  surface  in  that  section  of 
the  city  in  more  stable  condition  than  they  were  before.  This  phase 
of  the  subject,  however,  will  be  considered  in  a  subsequent  chapter. 

STATISTICS  OP  COAIi  PRODUCTION, 

The  following  statistics  of  the  coal-mining  industry  in  Scranton 
are  based  upon  the  result  of  the  surface  and  underground  investiga- 
tions made  by  us,  and  from  our  inspection  of  the  mine  maps,  taken 
in  conjimction  with  the  annual  production  of  coal  as  shown  in  the 
published  statistics  contained  in  the  reports  of  the  State  mine 
inspectors. 
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Taslb  1. — Total  production  of  ttxd  mined  under  tiie  city  oj  SeraaUm,  1841-1910. 
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The  following  tabulated  notes  ^ve  in  condensed  form  the  actual 
conditions  of  the  mining  imder  the  city  and  school  properties  at 
present,  as  found  by  your  engineers  during  an  extended  underground 
inspection  that  lasted  about  40  days. 

In  connection  with  these  notes  the  plates  accompanying  this  report 
should  be  well  studied.  These  plates  set  forth  in  a  more  intelligible 
form  than  can  posEdbly  be  shown  by  words  the  location  and  extent 
of  the  mining  in  all  the  coal  beds  under  the  city,  uid  by  plans,  cross 
sections,  columnar  sections,  etc.,  clearly  indicate  the  geology  and 
distribution  of  the  beds  throughout  the  measures. 
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OBSERVATIONS     ON     PRESENT     MINING     CONDITIONS 

UNDER   SCRANTON. 

INTBODTTC^OBY  STATEMENT. 

As  stated  in  the  chapter  on  the  history  of  anthracite,  the  mining 
methods  pursued  in  the  earlier  days  of  the  industry,  not  only  in  Scran- 
ton,  but  everywhere  in  the  anthracite  fields,  were  not  conducted 
with  the  view  of  ultimately  mining  the  maximum  amount  of  coal, 
with  the  least  effect  upon  the  surface,  but  with  a  view  to  immediate 
profits.  Hence,  little  attention  was  given  to  surveying  and  engineer- 
ing in  the  early  mines,  and  great  irregularity  in  the  method  of  mining 
was  the  rule  rather  than  the  exception.  This  irregularity  makes  it 
exceedingly  difficult  to  columnize  pillars  now  where  mining  is  being 
done  in  the  solid  under  worked-over  portions  of  higher  coal  beds. 

To  illustrate  this  particular  point  reference  is  made  to  the  tracings 
that  show  the  mine  workings  under  the  various  school  properties  and 
are  in  the  possession  of  the  board  of  school  control.  These  tracings 
are  included  in  the  report  made  by  Messrs.  Stevenson  and  Knight.  In 
the  more  recent  mining  under  the  city,  the  attempt  has  been  made  to 
remedy  this  defect,  and  this  attempt  has  been  fairly  successful. 

As  the  result  of  our  inspection  of  the  mines  under  Scranton,  as 
given  in  detail  on  preceding  pages,  we  have  grouped  the  mine  workings 
into  several  classes;  in  each  of  these  classes  approximately  similar 
conditions  obtain,  and  to  each  the  same  remedies  for  sustaining  the 
surface  might  apply,  as  stated  below: 

ST7BFACE  BEDS. 
WEST  SIDE  OF  LACKAWANNA  BIVEK. 

On  the  west  side  of  the  Lackawanna  River,  at  the  Dodge,  Hyde 
Park,  Mt.  Pleasant,  Diamond,  Brisbin,  Cayuga,  Von  Storch,  and 
Leggetts  Creek  collieries,  the  surface  beds  being  mined  are  known  as 
the  Eight-foot,  Five-foot,  and  two  sphts  of  the  Four-foot. 

As  before  stated  there  is  only  a  small  area  underlain  by  the  Eight- 
foot;  the  areas  underlain  by  the  other  beds  gradually  increase  in 
size,  as  the  beds  are  lower  in  the  measures. 

In  mining  these  beds  efforts  have  been  made — with  a  fair  degree 
of  success — to  columnize  the  pillars,  and  about  the  usual  percentage 
of  coal,  approximately  33 J  per  cent  on  first  mining,  is  left  in  for  sup- 
port of  the  overburden.  In  a  few  places  reclamation  of  pillars,  or 
what  is  commonly  termed  *' robbing,"  is  in  progress,  but  only  where 
there  are  comparatively  few  surface  improvements.  The  menace  to 
the  surface  from  the  mining  of  these  beds,  as  at  present  conducted, 
is  comparatively  slight.  When  the  time  comes,  however,  for  the 
reclamation  of  pillars  from  the  greater  part  of  the  area  mentioned, 
serious  surface  disturbance  may  be  expected,  unless  in  the  meantime 
some  method  of  support  is  introduced.  Suggestions  on  this  point 
are  given  on  subsequent  pages. 
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BOUTH  AND  EAST  SIDES  OF  THE  LACKAWANNA  BIYBB. 

On  the  south  and  east  sides  of  the  Lackawanna  Eiver,  at  the 
National  mine,  the  Big  and  the  New  County  beds  are  nearest  the 
surface  under  a  part  of  the  property,  the  Clark  vein  under  another 
part,  and  the  Dunmore  No.  2  under  still  another  part.  The  part 
underlain  by  the  New  County  and  Big  beds  carries  few  improvements 
and  is  much  caved,  so  that  no  serious  result  is  likely  to  occur  by 
reason  of  the  extraction  of  the  remaining  pillars.  The  mined-over 
part  of  the  Clark  bed,  as  will  be  noted  from  the  plans,  underlies  a 
larger  area  than  the  mined-over  part  of  either  of  the  two  overlying 
beds;  and  before  extraction  of  pillars  from  the  Clark  bed  is  begun, 
measures  for  the  support  of  the  overburden  should  be  adopted  where 
the  surface  improvements  are  of  sufficient  value  to  justify  the  expense. 
This  observation  refers  particularly  to  the  part  of  the  bed  formerly 
worked  from  the  old  Meadow  Brook  mine;  it  underlies  a  thickly 
settled  portion  of  the  south  side. 

As  will  be  noted  on  Plates  19,  20,  and  21  the  Dunmore  No.  2  is  the 
surface  bed  over  a  considerable  portion  of  the  National  and  Meadow 
Brook  operations,  extending  from  Beech  Street  to  Sanders  Street, 
and  from  the  Erie  &  Wyoming  Valley  Railroad  to  the  Lackawanna 
River.  Examination  of  workings  in  this  bed,  and  iospection  of  the 
mine  maps,  indicate  that  considerably  less  than  the  usual  one-third 
has  been  left  in  pillars  for  support.  There  is  no  niining  now  in 
progress  in  this  bed,  nor  any  extraction  of  pillars.  The  pillars  observed 
under  the  area  mentioned  (particularly  between  Beech  and  Breck 
Streets),  and  between  Pittston  Avenue  and  Crown  Avenue,  show 
signs  of  pressure  and  should  not  be  disturbed.  Although  it  is  true 
that  these  pillars  have  stood  without  serious  subsidence  for  many 
years,  there  is  a  possibility  of  a  "creep''  or  "squeeze,"  such  as  would 
unquestionably  cause  surface  damage  in  the  area  just  mentioned, 
starting  at  almost  any  time.  Remedial  measures  should  be  appUed 
in  the  Diuunore  No.  2  bed  in  this  area  at  the  earliest  possible  moment, 
before  a  creep  or  squeeze  starts,  as  the  conditions  are  such  that  if 
once  started,  no  remedies  that  might  be  attempted,  and  hastily 
applied,  would  be  effective  in  preventing  a  general  subsidence  of 
practically  all  the  above  mentioned  area. 

CENTRAL  PART  OF  SCBANTON. 

The  Pine  Brook  colliery  of  the  Scranton  Coal  Co.  includes  a  large 
area  in  the  central  part  of  the  city  of  Scranton,  as  will  be  noted  from 
Plates  Nos.  1,  2,  3,  4,  5,  and  22.  This  area  extends  eastward  from 
Beech  Street  on  the  south  side  to  Poplar  Street  at  the  Dunmore  line, 
and  from  the  Lackawanna  River  to  the  outcrop  of  the  Dunmore  beds 
near  Nay  Aug  Park. 
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Under  a  portion  of  the  territoiy  mentioned,  the  Big  or  Fourteen- 
foot  bed  is  present.  It  was  partly  worked  over  many  years  ago  by  the 
old  Lackawanna  Iron  &  Coal  Co.  The  area  underlain  by  this  bed  is 
what  is  generally  known  as  Sanderson  Hill,  and  is  clearly  shown  in 
Plates  Nos.  2,  3,  and  4.  The  old  workings  in  the  Big  bed  are  inacces- 
sible, except  a  very  small  portion  that  extends  from  the  Pine  Brook 
Traveling  Way  to  a  point  under  the  Central  High  School.  Although 
there  may  be  other  openings  to  the  workings  in  this  bed,  they  are 
unknown  to  us.  From  information  furnished  by  various  persons, 
it  is  believed  that  the  old  maps  of  the  workings  in  this  bed  are  reason- 
ably accurate. 

The  part  of  these  workings  that  was  inspected  showed  the  pillars 
in  good  condition  and  the  roof  over  the  openings  fairly  sound,  although 
local  falls  have  occurred  in  many  openings  preventing  access  to  points 
beyond.  According  to  our  information  no  serious  "creeps"  or 
"squeezes"  have  occurred  in  this  bed,  and  unless  some  disturbance 
takes  place  through  subsidence  of  the  measures  below  it  not  much 
danger  is  to  be  apprehended  from  a  general  creep  in  this  bed.  We 
are,  however,  of  the  opinion  that  detailed  investigations  should  be 
made  by  reopening  small  holes  through  the  local  falls  mentioned 
above,  and  by  sinking  shallow  shafts  at  various  points  for  the  purpose 
of  making  accurate  surveys  of  the  mine  workings.  These  should  be 
maintained  as  avenues  through  which  to  conduct  or  transport 
material  for  filling.  It  is  deemed  especially  important  that  these 
openings  be  completely  filled,  on  account  of  the  nearness  of  this  bed 
to  the  surface,  and  the  value  of  the  surface  improvements.  Methods 
of  protection  will  be  described  in  another  chapter. 

Below  the  Big  bed  the  next  bed  that  has  been  worked  from  the 
Pine  Brook  shaft  is  the  Clark.  The  New  County  bed  has  not  been 
worked  at  Pine  Brook,  but  it  is  present  and  will  doubtless  be  mined 
in  the  future.  The  Pine  Brook  workings  include  what  was  formerly 
the  property  of  the  Fair  Lawn  Coal  Co.,  between  Gibson  and  Ash 
Streets,  and  Capouse  and  Quincy  Avenues.  The  usual  rule  of  leaving 
approximately  one-third  of  the  coal  was  generally  followed  in  the 
major  part  of  the  workings  from  the  Pine  Brook  shaft,  but  much  less 
than  one- third  was  left  in  the  Clark  bed  where  worked  from  Fair  Lawn. 
This  bed  is  from  8  to  11  feet  thick;  a  bench  of  coal  at  about  the  middle 
of  the  bed  that  is  considerably  softer  than  the  balance  was  noted. 
This  bench  is  affected  by  what  is  known  as  ^' air  slack, "  causing  it  to 
chip  and  flake  off,  and  to  show  the  first  signs  of  any  imdue  pressure  on 
the  pillars. 

A  very  lai^e  proportion  of  the  pillars  inspected  an  this  bed  show 
unmistakable  signs  of  pressure,  particularly  in  the  Fair  Lawn  work- 
ings and  outwardly  from  this  area  for  a  considerable  distance.  These 
signs  of  pressure  on  the  pillars  can  not,  in  our  opinion^  be  solely  attrib- 
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uted  to  air  slack,  but  are,  we  believe;  the  first  stage  of  a  creep  or 
squeeze  that  if  fully  started  may  result  in  the  complete  collapse  of  the 
pillars  in  a  large  part  of  the  area  mentioned;  it  would  bring  down  the 
roof,  and  unquestionably  affect  the  surface.  These  indications,  as 
before  stated,  are  most  serious  in  the  Fair  Lawn  workings;  they  are 
observed  on  both  sides  of  the  tract  and  under  the  portion  of  the  prop- 
erty where  the  Big  Vein  is  present.  Should  a  general  squeeze  take 
place  in  the  Clark  bed  workings  it  would  certainly  affect  the  pillare. 
and  overlying  strata  of  the  Big  bed  and  result  in  a  very  serious  dis- 
turbance of  tiie  surface. 

We  deem  it  important  to  lay  particular  stress  on  the  necessity  for 
promptly  taking  measures  to  prevent  the  starting  of  a  general  squeeze 
or  creep  in  the  Clarik  bed  at  the  Pine  Brook  colliery;  for  such  a 
squeeze  might  cause  breakages  of  gas,  water  and  sewer  mains,  and 
resultant  damages. 

A  point  of  particular  weakness  in  this  bed  is  under  the  Technical 
High  School,  near  the  intersection  of  Adams  Avenue  and  Gribson 
Street.  We  have  been  informed  that  the  Scranton  Coal  Co.  has  begun 
flushing  culm  into  the  workings  under  this  important  building,  and 
that  it  is  their  intention  to  fill  these  workings  as  rapidly  as  possible. 
When  this  flushing  is  completed  and  a  block  of  1  or  2  acres  is  com- 
pletely flushed,  it  will  strengthen  not  only  the  point  immediately 
filled,  but  have  a  tendency  to  support  the  roof  for  some  distance  on  all 
sides  of  the  artificial  pillar  thus  introduced. 

The  old  Lackawanna  Iron  &  Coal  Co.  opened  and  worked  the  Clark 
bed  by  a  drift  from  Roaring  Brook  gorge,  near  the  Laurel  line  station. 
These  old  woiidngs  are  now  inaccessible,  but  maps  inspected  show  an 
area  wcnrked  over  on  the  north  and  east  sides  of  the  river  bank  between 
the  Delaware,  Lackawanna  &  Western  Railroad  and  Vine  Street,  and 
Madison  and  Clay  Avenues.  The  maps  show  that  very  small  pillars^ 
were  left  in.  Tl^  old  workings  should  be  opened  and  artificial  pillars 
made  by  flushing.  The  same  plan  is  suggested  for  the  Big,  or 
Fourteen-foot,  bed  imder  Sanderson  Hill,  and  for  the  old  Iron  Co. 
workings  in  this  bed  on  the  south  side  of  Roaring  Brook,  under 
Spruk's  lumber  yard  and  vicinity. 

At  the  ManviUe  colliery,  operated  jointly  by  the  Delaware,  Lacka- 
wanna &  Western  and  the  Delaware  &  Hudson  Companies,  the  surface 
bed  is  the  New  County.  This  bed  has  been  attadced  rece&tiy,  and  is' 
now  being  mined  under  the  Qreen  Ridge  section  of  the  city.  It 
averages  about  6  feet  thick,  with  nearly  2  feet  of  refuse  in  several 
benches.  We  were  informed  that  under  the  old  leases  the  lessees 
were  prohibited  from  mining  this  bed,  but  by  a  recent  modification 
of  the  terms  of  certain  of  the  leases  they  are  permitted  to  extract 
one-third  <rf  the  bed,  leaving  two-thirds  as  pillars  to  support  the  over- 
burden.   Considering  the  depth  at  which  the  bed  lies  and  the  char- 
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acter  of  the  overlying  strata,  we  do  not  think  there  is  much  danger 
to  the  surface  from  mining  this  bed,  if  not  more  than  one-third  of  the 
coal  is  extracted. 

At  this  colliery  the  Clark  bed  has  been  worked  over  the  whole  of  the 
area  tributary  to  the  mine,  as  will  be  noted  from  Plates  5,  6,  and  7, 
and  is  at  present  abandoned,  no  solid  or  pillar  mining  being  in 
progress.  About  the  usual  one-third  of  the  coal  has  been  left  to  su]>- 
port  the  roof.  Many  parts  of  these  workings  are  inaccessible  because 
of  local  falls,  and  a  small  part  of  the  workings  has  been  jQlled  with 
culm,  principally  under  surface  improvements  controlled  by  the 
mining  company. 

The  pillars  in  this  bed  show  the  usual  chipping,  due  to  air  slack, 
and  in  some  places  signs  of  squeeze  or  creep,  particularly  in  the 
vicinity  of  Poplar  Street  and  between  Capouse  and  Washington 
Avenues.  The  boundary  pillar  between  the  Manville  workings  and 
those  of  the  Pine  Brook  mine  is  very  small,  and  would  not  be  of  suffi- 
cient strength,  in  our  opinion,  to  break  off  or  stop  a  squeeze  that  might 
originate  on  either  side  of  it.  We  are  of  the  opinion,  therefore,  that 
filling  or  other  remedial  measures  for  the  support  of  the  overburden 
should  be  started  in  portions  of  the  Manville  Clark-bed  workings, 
as  we  recommended  at  Pine  Brook. 

At  the  Dickson  mine  of  the  Delaware  &.  Hudson  Co.  the  surface 
bed  is  the  Big,  or  Fourteen-foot,  which  is  10  to  14  feet  thick.  This 
bed  was  worked  some  years  ago  between  the  river  and  Dickson 
Avenue  and  between  Delaware  and  Market  Streets;  a  very  small 
part  east  of  Sanderson  Avenue  was  also  worked. 

No  mining,  either  of  solid  coal  or  pillars  is  now  being  done  in  this 
bed.  There  is,  however,  a  considerable  block  of  solid  coal  east  of 
Sanderson  Avenue  that  may  at  some  time  be  extracted.  If  mining  is 
resumed  in  this  bed  it  should  be  conducted  with' great  care,  as  the 
bed  is  close  to  the  surface,  and  the  overlying  strata  are  weak. 

Parts  of  this  bed  west  of  the  Delaware  &  Hudson  Railroad  and 
under  the  Lackawanna  River  have  been  flushed  with  culm,  and  the 
balance  of  the  workings  should  be  filled  in  the  same  manner.  The 
possibiUty  of  recovering  the  pillars  in  the  worked-over  part  of  this 
bed  without  serious  damage  to  the  surface  is,  in  our  opinion,  decid- 
edly doubtful,  even  though  the  openings  may  be  completely  filled 
with  culm  or  other  flushed-in  material. 

The  New  County  bed  has  not  been  worked  at  the  Dickson  mine, 
being  considered  too  thin  and  impure  for  profitable  extraction.  This 
bed,  however,  may  be  mined  hereafter. 

The  Clark  bed  has  been  mined  in  about  the  same  maimer  as  at 
Pine  Brook  and  Manville,  and  the  same  remarks  regarding  conditions 
apply.  Portions  of  this  bed  also  have  been  filled  with  culm,  par- 
ticularly toward  the  Lackawanna  River. 
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MTDDLB  BEDS. 
HYDE  PARK  AND  PROVIDENCE   SECTIONS. 

As  before  mentioned,  under  Hyde  Park  and  Providence,  the  mid- 
dle series  of  beds,  the  Diamond,  Rock,  Big,  New  County,  and  Clark 
(especially  the  first  three  of  these) ,  are  quite  thick  and  the  intervening 
strata  are  comparatively  thin  and  weak.  On  account  of  the  failure 
in  the  past  to  columnize  pillars,  the  workings  in  these  beds,  where 
now  open,  constitute  a  serious  menace  to  the  surface,  and  this  por- 
tion of  the  city  will  be  the  most  expensive  and  difficult  to  protect. 
However,  it  should  be  noted  that  very  large  areas  of  the  three  upper- 
most beds  have  been  closed  by  crushing  of  the  pillars  and  strata  in 
the  past.  This  condition  was  observed  in  parts  of  the  Bellevue, 
Hyde  Park,  Hampton,  Oxford,  Mount  Pleasant,  Diamond,  Brisbin, 
Cayuga,  Von  Storch,  Leggetts  Creek,  and  Marvine  mines.  Where 
such  complete  crushing  of  the  pillars,  with  consequent  subsidence  of 
the  overlying  strata  and  surface,  has  taken  place  in  the  past,  no 
serious  apprehensions  need  be  entertained  of  future  damage  to  the 
surface  improvements,  unless,  in  the  process  of  mining  lower  veins, 
insufficient  pillar  support  is  left  to  carry  the  overburden  and  a  creep 
or  squeeze  takes  place.  This  has  been  the  case  recently  at  the  Leg- 
getts Creek  mine  in  mining  the  lower  Dunmore  bed  at  a  depth  of 
700  feet,  where  was  applied  the  usual  though  here  insufficient  rule  of 
leaving  about  one-third  of  the  coal  for  support. 

Where  the  workings  in  these  thick  and  closely  lying  beds  are  not 
closed  by  a  general  crush  (and  no  one  knows  how  large  or  extensive 
such  openings  may  be)  there  is  always  a  liability  to  a  repetition  of  the 
same  kind  of  subsidence  as  that  which  wrecked  No.  16  School. 
In  this  connection  attention  is  particularly  called  to  the  conditions 
existing  under  No.  12  School.  Here  the  Diamond  bed  is  very 
near  the  surface,  within  13  to  40  feet.  Second  mining  is  now  in 
progress  to  win  bottom  coal  formerly  left  in  this  bed,  and  the  New 
County  bed  is  being  mined.  An  attempt  is  being  made  to  drive 
openings  in  the  New  County  bed  under  openings  in  the  Big  bed, 
but  this  attempt  is  not  altogether  successful.  These  conditions, 
we  believe,  are  quite  similar  to  those  formerly  existing  under  No.  16 
School. 

We  strongly  recommend  that  the  piUars  in  the  Diamond,  Rock,  Big, 
and  New  County  beds  under  this  building  should  not  be  distiu*bed, 
and  that  the  openings  in  the  Diamond,  Rock,  and  Big  beds  should  be 
filled  as  promptly  as  possible.  Such  filling  could  easily  be  done  by 
drilling  one  or  two  bore  holes  in  the  school  lot.  The  filling  of  open- 
ings should  not  be  confined  to  the  school  lot  only,  but  should  extend 
outside  the  lot  some  distance,  as  there  is  danger  in  case  of  a  cave  in 
any  seam,  of  the  side  pull  damaging  the  building. 
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It  is  also  deemed  important  to  refer  particularly  to  No.  23  School, 
where  the  Rock  and  the  Big  hed  pillars  now  in  place  should  not 
under  any  circumstances  be  disturbed,  neither  imder  the  school  lot 
nor  for  some  distance  outside  of  it,  as  ^hown  by  the  maps  formerly 
submitted  to  the  school  board  by  the  North  End  Coal  Co.  We  also 
suggest  that  the  openings  under  this  school  property  should  be 
flushed  full  of  sand,  culm,  or  other  material. 

The  best  manner  of  applying  an  effectiye  remedy  for  this  serious 
menace  is  difficult  to  determine,  because  the  openings  are  so  large, 
on  account  of  the  thickness  of  the  seams,  and  there  is  the  difficulty 
of  procuring  the  material  for  this  purpose. 

DTJUMOBE  BEDS. 

The  deeper-lying  Dunmore  beds  under  the  major  portion  of  the 
city,  constitute  a  class  by  themselves.  They  are  in  many  places  so 
thin  that  during  mining  much  top  or  bottom  rock  has  been  removed 
in  all  the  gangways  and  along  roads  in  the  chambers  to  make  room 
for  cars  and  mules.-  This  rock  with  the  large  quantity  of  interstratified 
refuse  that  is  usually  present  in  the  coal  beds  nearly  fills  the  mined- 
out  space  when  stowed  in  the  chambers,  and  thus  constitutes  a 
check  to  quick  or  total  subsidence.  Then,  too,  the  thickness  of  the 
rock  over  the  coal  is  generally  so  great  that  local  caves  in  the  work- 
ings are  not  likely  to  affect  the  surface.  The  greatest  menace  to  the 
surface  property  from  these  deep  thin  beds  is  through  a  general 
subsidence — a  creep  or  squeeze  extending  over  large  areas.  Even 
then  the  settlement  will  be  gradual,  and  as  a  rule  so  uniform  as  to 
cause  little  or  no  damage  to  surface  property,  except  where  the  uni- 
formity of  the  subsidence  is  interrupted  or  prevented  by  the  presence 
of  very  large  pillars  or  solid  blocks  of  unmined  coal,  in  which  event, 
buildings  located  on  the  surface  over  or  near  the  margin  of  such  large 
pillars  will  be  liable  to  considerable  damage  by  the  side  pull,  or 
uneven  subsidence. 

In  consequence  of  these  facts  we  would  advise  as  a  measure  of 
preventing  damage  to  surface  improvements  over  these  deeper  beds 
that  the  Dunmore  beds  be  mined  in  the  usual  manner  under  large 
blocks  of  coal  now  held  as  reservations  in  any  of  the  coal  beds 
overlying  the  Dunmore  and  not  at  present  mined  nor  intended  to  be 
mined. 

BECAPITTTLATION. 

Thus,  to  recapitulate,  wo  have  three  general  sets  of  conditions 
which  nat\u*ally  divide  the  coal  workings  into  as  many  separate 
classes,  to  wit: 

1.  The  surface  beds,  viz,  on  the  west  side,  the  Eight-foot,  Five- 
foot,  and  Four-foot ;  on  the  east  side,  the  Big,  New  County,  Clark, 
and  Dunmore  No.  2,  of  which  the  latter  are  surface  beds  under  dif- 
ferent parts  of  the  south  side  and  central  city  sections. 


METHODS  FOB  BOOF  SUPPOBT.  61 

2.  The  middle  series  of  bedS|  Viz,  Diamond,  Rock,  Big,  New  County, 
and  Clark,  under  the  Hyde  Park  and  Providence  sections. 

3.  The  three  lowest  beds,  Dunmore  No.  1,  Dunmore  No.  2,  and 
Dunmore  No.  3,  under  the  major  part  of  the  city. 

METTHODS  FOR  SURFACE  SUPPORT. 

The  methods  employed  at  the  present  time  for  supporting  the  sur- 
face OTer  the  coal  mines  under  the  city  of  Scranton  tire  of  two  general 
classes,  which  may  be  termed  natural  and  artificial. 

KATTTBAIi  OB  PILLAB  SUPPOKT. 

The  natural  method,  of  course,  consists  in  leaving  pillars  of  coal 
sufficiently  strong  to  support  the  weight  of  the  earth  and  rock  that 
overfie  the  coal  bed.  The  efficiency  and  value  of  these  supports 
depend  upon  their  size.  That  is,  the  horizontal  area,  the  height  of 
the  pillar  (which  is  fixed  by  the  thickness  of  the  coal  bed),  the  com- 
pressive strength  of  the  coal,  the  regularity  of  distribution  of  the 
pillars,  and  whether  or  not  they  are  columnized  with  respect  to  pillars 
in  near-by  overlying  or  underlying  beds,  all  have  to  be  considered. 
In  this  vicinity  the  size  of  pillars  has  been  mainly  regulated  by  the 
one-third  rule  previously  mentioned. 

ABTmCIAL  8T7PPOBT. 
FLUSHINO. 

There  are  several  artificial  methods  of  roof  support,  the  principal 
and  most  effective  of  which  is  known  as  the  flushing  method.  In 
this  method  coal  culm  and  other  fine  refuse  is  washed  into  the 
mines  through  pipes  by  means  of  a  stream  of  water,  thus  filling  the 
desired  portions  of  the  mine. 

This  method  was  first  used  at  Shenandoah,  Pa.,  by  the  Philadel- 
phia &  Reading  Coal  &  Iron  Co.  Afterwards  it  was  introduced  at 
Plymouth,  Pa.,  and  now  has  been  adopted  and  is  in  practice  over 
the  whole  anthracite  region.  Only  culm  is  used,  and  the  method 
has  been  adopted  mainly  for  the  purpose  of  protecting  those  parts 
of  the  mine  or  of  the  surface  which  it  is  necessaiy  to  support  in 
order  to  maintain  the  mining  operations. 

Under  Scranton  considerable  flushing  has  been  done  at  various 
places,  as  indicated  in  the  chapter  on  ''Present  mining  conditions.'^ 
Foreign  engineers,  after  inspecting  the  process  in  this  country,  have 
adopted  it  in  Europe.  There,  much  extended  and  amplified,  it  is 
now  an  essential  part  of  the  more  recent  mining  methods  by 
which  the  engineers  are  able  to  recover  all  the  coal;  the  exca- 
vated spaces  are  filled  by  the  flushing  method  with  crushed  rock, 
sand,  gravel,  and  soil  obtained  from  quarries  opened  for  the  purpose, 
and  also  with  ashes  and  city  refuse,  some  of  which  is  transported 
long  distances  over  the  surface  to  the  flush  pipes.    Foreign  engineers 
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find  that  when  they  thus  remove  all  the  coal,  a  gradual  though 
small  surface  settlement  results,  the  amount  of  which  depends 
upon  the  depth  and  the  thickness  of  the  coal.  In  this  country, 
however,  we  can  not  hope  to  profitably  use  such  expensive  mining 
methods  as  may  obtain  abroad,  because  the  cost  of  labor  in  the  United 
States  is  veiy  much  greater  and  the  market  price  of  coal  very  much 
less  than  in  Europe.  The  appearance  of  culm  flushing  is  shown  by 
Plate  26. 

COGS. 

It  is  frequently  necessary  in  the  course  of  mining  to  make  use  of 
some  roof-«nipporting  device  that  may  be  quickly  constructed  and 
is  withal  possessed  of  great  strength.  The  tiinber  crib  filled  with 
mine  rock — ^known  in  mining  parlance  as  a  "cog" — ^has  been  found 
to  answer  these  conditions  in  a  very  satisfactory  manner,  and  is 
extensively  used  in  all  coal-mining  districts.  The  cog  consists  sim- 
ply of  a  rough  crib  of  stout  logs  placed  one  above  the  other,  log- 
house  fashion,  the  spaces  between  the  logs  being  chinked  and  the 
interior  being  filled  with  rock  from  the  mine.  (See  PI.  27  A.)  This 
construction  is  (juickly  erected,  and  possesses  great  strength.  Of 
course  it  is  not  permanent  because  the  timbers  decay  in  a  few 
years.  Cogs  are  mainly  used  for  the  purpose  of  stopping  a  settle- 
ment, squeeze  or  creep  which  the  mine  foreman  knows  to  be  immi- 
nent or  in  progress.  A  view  of  a  squeezed  area  in  the  Dunmore 
bed  is  shown  in  Plate  29  A,  When  sufficient  cogs  are  placed  in  proper 
localities  the  strata  above  the  bed  will  frequently  crack  through 
to  the  surface,  and  the  progress  of  the  squeeze  or  creep  will  thus  be 
stopped. 

GOB  PIERS. 

Gob  piers  are  pillars  built  of  such  refuse  rock  as  may  be  readily 
found  in  most  mines—  mainly  bony  coal,  fire  clay,  and  slate.  Such  rock 
is  mostly  soft  and  does  not  possess  very  great  compressive  strength. 
Some  of  these  piers  have  a  square  outer  or  inclosing  wall,  and  are 
filled  with  mine  refuse  shoveled  into  them.  In  others  the  interior 
is  laid  up  by  hand  and  the  rocks  are  more  carefully  coinp  acted  by  filling 
the  voids  with  fine  mine  refuse. 

A  great  many  such  piers  have  been  built  under  localities  in  the 
city  of  Scranton  for  the  purpose  of  supporting  the  roof  under  valu- 
able surface  improvements.  (See  Pis.  27  B  and  28.)  The  value  of 
such  piers,  that  is,  their  supporting  strength,  depends  upon  the  com- 
pressive strength  of  the  materials  of  which  they  are  constructed. 
The  value  will  be  greater  if  the  voids  between  the  larger  pieces  are 
filled  with  the  small  rock  and  shoveled  material  from  the  mine. 

GOB   STOWAGE   IN   ROOMS. 

Most  coal  beds  consist  of  interstratified  layers  of  coal,  fiire  clay, 
slate,  and  bony  coal;  the  three  latter,  of  course,  compose  the  prin- 
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cipal  refuse  material  of  the  mine.  In  all  the  mining  methods  adopted 
under  the  city  of  Scranton,  all  the  material  of  the  coal  beds  that  is 
not  coal  is  laid  aside  as  refuse  and  stowed  away  in  the  chambers^ 
either  on  one  side  or  on  both  sides  of  the  mine  tracks.  In  thin  beds 
where  it  is  necessary  to  remove  some  of  the  roof  rock  or  take  up  some 
of  the  floor  of  the  mine  in  order  to  obtain  height  sufficient  for  the 
mules  and  the  men  to  travel  along  the  roads^  much  mine  refuse  is 
produced;  which  is  also  stowed  in  the  chambers.  In  beds  less  than 
4  feet  thick  many  chambers  are  filled  with  mine  refuse  or  gob,  as  it 
is  more  familiarly  termed,  from  floor  to  roof.  In  places  tlds  gob  is 
merely  thrown  in  carelessly,  or  is  shoveled  in;  in  other  localities  it 
is  packed  as  tightly  as  possible  by  hand.  It  frequently  happens 
that  the  whole  chamber  from  pillar  to  pillar  is  packed  full  of  mine 
refuse.  Where  there  is  much  interstratified  fire  clay  or  bone  in  the 
coal  bed  there  will  be  larger  quantities  of  the  gob,  and  the  thinner 
the  bed  the  greater  will  be  the  quantity  of  mine  rock  raised  or  taken 
down  for  roads.  Consequently,  this  stowage  of  gob  in  the  rooms  of 
the  mines  under  the  city  of  Scranton  becomes  an  important  item 
when  the  support  of  the  surface  over  these  coal  beds  is  considered. 
Aj3  in  the  ca^e  of  the  gob  piers  and  the  cogs,  the  supporting  value  of 
stowed  gob  depends  upon  the  compressibility  of  the  material  of 
which  it  is  composed. 

CONGBETE  AND  MASONBY  PIEBS. 

The  above  methods  of  artificial  support  already  mentioned  are  com- 
paratively cheap  to  install.  Some  other  methods  of  support  used 
in  the  city  of  Scranton  are  concrete  and  sandstone  piers.  In  these 
the  material  for  construction  has  been  introduced  from  the  surface 
(through  bore  holes  in  the  case  of  concrete  or  through  shafts  from 
the  surface  in  the  case  of  blocks  of  sandstone),  and  in  the  mine  has 
been  wrought  into  substantial  piers  by  the  use  of  cement.  (See 
PL  29  B.)  Though  these  forms  of  piers  are  much  more  substantial 
than  those  previously  mentioned,  they  are  also  much  more  costly; 
consequently  fewer  of  them  have  been  installed. 

IBON  PBOPS. 

In  one  place,  namely,  in  the  Big  bed  under  the  Central  High  School 
building  in  this  city,  a  number  of  iron  props  or  posts  have  been 
installed  as  additional  roof  support.  There  has  been  no  subsidence 
of  pillars  in  the  locality  where  they  have  been  used;  therefore  the 
supporting  value  of  the  props  has  not  been  tested  and  their  efficiency 
is  lai^ely  a  matter  of  opinion.  In  any  case  they  are  costly  to  install, 
and  it  b  entirely  probable  that  much  more  efficient  means  might  be 
used  for  the  same  purpose  at  less  expenditure. 
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TB8T8  07  KOOF-STTPFOKTiNa  DBYICBS. 
COMFBESSIYE  STBSNGTH  OF  ANTHBACITE. 

In  1903  an  exhaustive  series  of  tests  was  conducted  und^  the 
direction  of  a  committee  of  the  Scranton  Engineers'  Club  for  the 
purpose  of  determining  the  compressive  strength  of  anthracite  coal. 
The  report  of  this  committee  on  tests  is  printed  in  an  appendix 
(see  p.  77)  to  this  report.  The  results,  however,  may  be  simmied  up 
briefly  in  the  statement  that  a  pressure  of  216  tons  per  square  foot 
will  cause  the  average  ordinary  mine  pillar  to  begin  cracking,  and 
a  pressure  about  twice  as  great  (432  tons  per  square  foot)  will 
crush  it  to  powder. 

This  general  statement,  however,  does  not  apply  equally  to  all 
coal  beds,  for  the  tests  prove  a  great  variation  in  strength,  even 
between  different  parts  of  the  same  bed.  In  some  instances  the 
weight  required  to  crack  the  pillars  was  as  low  as  30  tons  per  square 
foot. 

TESTS  AT  LEHIQH  tTNIVERSITY. 

In  order  to  test  the  value  of  the  several  artificial  devices  for  sup- 
portmg  the  roof  of  a  coal  mine,  as  well  as  to  search  out  an  inex- 
pensive combination  of  materials  which  might  be  more  cheaply 
installed  and  withal  more  permanent  and  efficient,  and  better  adapted 
to  certain  localities  than  some  of  those  mentioned,  we  prosecuted 
a  series  of  tests  at  the  Fritz  engineering  laboratory  at  Lehigh  Uni- 
versity, South  Bethlehem,  Pa.,  the  results  of  which  are  also  given  in 
an  appendix  (see  p.  83)  to  this  report.  A  tabulated  summary  of  the 
results  follows,  and  from  it  mining  engineers  may  readily  compute 
the  supporting  value  of  any  particular  construction. 
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DBY  FILLINa. 

Although  we  recognize  that  the  flushing  process  is  the  most  substan- 
tial method  for  artificially  supporting  the  roof  of  coal  mines,  and  that 
it  is  also  universally  suitable  for  thin  or  thick  beds  and  deep  or  shallow 
beds,  nevertheless  the  method  is  not  always  applicable  or  con- 
venient. There  are  many  localities  in  the  coal  mines  where  it  may 
be  either  preferable  or  permissible  to  resort  to  some  of  the  other  less 
efficient  or  less  costly  methods  of  roof  support,  which  for  one  reason 
or  another  are  more  adaptable  to  a  particular  locality.  Therefore 
we  refer  to  the  improvements  that  may  be  made  in  the  different 
methods  of  dry  filling. 

IMPROVED  METHODS  OF  GOB  STOWAGE. 

• 

Formerly  the  gob  of  coal  mines  was  disposed  indiscriminately 
over  the  chamber  at  the  side  of  the  roadway,  mainly  for  the  purpose 
of  getting  rid  of  it  at  as  little  cost  as  possible.  A  casual  inspection 
of  the  comparative  table  of  tests  on  page  55  will  show  that  well- 
constructed  gob  piers  are  much  stronger  than  those  indifferently 
built.  It  is  also  evident  that  in  supporting  the  roof  of  coal  mines,  as 
well  as  in  other  matters,  ''an  ounce  of  prevention  is  worth  a  pound 
of  cure."  The  effort,  therefore,  should  be  to  prevent  the  first  small 
settlement,  and  the  way  in  which  to  accomplish  this  effort  as  far  as 
possible  in  the  matter  of  stowage  will  be  to  pack  the  rock  fragments 
carefully  and  tightly  against  the  sides  of  the  pillars  from  floor  to 
roof,  irrespective  of  the  horizontal  area  occupied,  and  to  use  the 
fine  refuse,  so  far  as  may  be,  to  fill  the  voids.  If  the  gob  now  con- 
tained in  the  thinner  seams  under  the  city  of  Scranton  had  been  care- 
fully packed  so  as  to  completely  fill  the  space  from  floor  to  roof  it 
would  not  only  reinforce  and  preserve  the  strength  of  the  coal  pillars, 
but  would  present  very  much  greater  resistance  to  pressure  and  would 
be  a  much  more  efficient  roof  support  than  is  afforded  by  the  usual 
present  stowage  with  1  to  2  feet  of  space  between  the  top  of  the 
stowed  gob  and  the  mine  roof. 

In  some  beds  now  working  there  is  a  surplus  of  mine  rock  which 
can  not  be  stowed  in  the  chambers  and  must  be  hauled  out  into  other 
parts  of  the  mines.  If  it  is  determined  to  continue  thus  to  stow 
this  material  instead  of  hauling  it  to  the  surface  and  grinding  it  for 
flushing  purposes,  as  has  been  previously  mentioned  (see  p.  65),  the 
purpose  of  roof  support  would  be  better  served  if  the  places  for 
depositing  this  surplus  stowage  were  selected  with  reference  to  the 
weak  parts  of  the  mines,  or  with  reference  to  the  support  of  the 
ground  under  some  particularl3r  valuable  surface  improvement. 

Commendable  work  is  being  done  along  this  line  at  the  Cayuga 
mine  of  the  Delaware,  Lackawanna  &  Western  Railroad;  the  pillars 


TESTS  OP  BOOF-SUPPOBTING  DEVICES.  57 

are  being  extracted  in  a  surface  bed  and  the  space  formerly  occupied 
both  by  the  chambers  and  the  pillars  is  being  completely  filled  with 
surplus  rock  taken  from  a  lower  bed. 

BIJUSTING  BOOF   AND  FIX)OB  IN  THINNEB   BEDS. 

It  is  a  well-known  fact  that  loose  rock  occupies  one  and  two-thirds 
to  two  times  the  volume  of  the  same  weight  of  solid  rock.  In  other 
words,  if  a  cubic  yard  of  solid  rock  be  broken  to  pieces  the  pieces 
will  occupy  a  space  of  1§  to  2  cubic  yards. 

We  have  conceived  the  idea  of  taking  advantage  of  this  fact  for 
the  purpose  of  cheaply  producing  an  adequate  roof  support  for 
certain  classes  of  coal  beds  under  the  city.  So  far  as  we  know,  this 
method,  in  its  entirety,  has  never  been  used  before  in  any  coal-mining 
district,  and  the  suggestion  is  here  made  for  the  first  time. 

The  process  would  be  applicable  to  beds  less  than  6  feet  thick  and 
so  situated  that  the  shock  of  heavy  blasting  would  not  produce 
ruptures  of  the  measures  supporting  adjacent  coal  beds.  It  consists 
simply  in  blowing  up  the  floor  of  the  mine  to  a  depth  equal  to  the 
thickness  of  the  bed,  and  blowing  down  the  roof  of  the  mine  directly 
over,  to  a  height  equal  to  the  thickness  of  the  bed.  This  would  pro- 
duce a  total  thickness  of  loose  rock  equal  to  three  times  the  thick- 
ness of  the  coal  bed.  The  rock  would  be  well  packed  together  and 
have  great  supporting  power,  and  the  process  would  be  comparatively 
inexpensive. 

This  method  might  be  adopted  throughout  the  Dunmore  and 
other  thin  seams,  by  blasting  down  the  roof  and  raising  the  floor  in 
the  abandoned  rooms  or  the  roadways  between  the  gob  piles  in  the 
chambers.  Wherever  it  is  appUed  the  effort  should  be  to  com- 
pletely fill  the  whole  width  of  the  chamber  or  roadway  from  pillar  to 
pillar,  so  that  the  loose  rock  will  be  confined  between  the  pillars,  thus 
greatly  increasing  its  resistance  to  compression.  The  value  and 
supporting  power  of  this  method  of  roof  support  and  of  other  methods 
will  be  referred  to  below. 

GOB   PIEBS   AND  TIMBEB   COGS. 

There  are  localities  under  the  city  of  Scranton  where  it  has  been 
deemed  advisable  in  the  past  to  build  gob  piers  for  the  support  of  the 
roof  overlying  certain  surface  beds.  The  Lehigh  University  tests 
mentioned  in  this  report  show  that  this  method  of  support  lacks  the 
merit  of  strength.  The  piers  are  very  compressible,  and  as  they 
have  been  built  heretofore  their  supporting  value  is  small.  Their 
efficiency  would  be  greatly  increased,  as  shown  by  the  differences 
between  test  No.  1  and  No.  2  (pp.  83-84),  by  building  them  in  cir- 
cular form  and  carefully  filling  all  the  voids  between  the  larger  pieces 
with  smaller  particles  of  shovel  stuff. 
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GONCBETE  PIERS. 

During  the  progress  of  this  investigation  many  persons  have  called 
our  attention  to  concrete  piers  as  suitable  for  firm  roof  supports. 
This  material  is  so  costly,  however,  that  we  have  hesitated  to  recom- 
mend it  except  perhaps  in  special  cases  where  very  valuable  surface 
property  requires  unyielding  support  and  the  expense  of  such  support 
is  no  object. 

We  have  tested  the  strength  of  one  sample  of  concrete  composed 
of  about  the  cheapest  good  materials  available  for  this  locality,  i.  e., 
cement,  sand,  and  gravel.  The  results  of  this  test  are  shown  in  Table 
3,  test  15,  and  Table  4,  test  14  (pp.  55,59).  It  will  be  noted  that 
such  concrete  is  firm  and  comparatively  unyielding  up  to  a  certain 
maximum  strength  sufficient  to  cause  about  3  per  cent  of  compression 
and  cracking,  beyond  which  a  much  less  weight  will  crush  it  to 
powder.  This  latter  characteristic  is  an  exceptionally  bad  one  for 
a  mine  roof  support,  because  such  piers  are  Uable,  under  the  excessive 
stress  due  to  a  general  squeeze,  to  collapse  quickly,  and  thus  permit 
the  sort  of  caving  that  resembles  a  small  though  severe  local  earth- 
quake in  its  suddenness  and  excessively  damaging  effect  on  the  sur- 
face improvements. 

DRY  FILLING   WITH  BROKEN   STONE   OR  SAND. 

For  the  construction  of  isolated  and  more  substantial  low-cost 
piers  in  the  surface  beds  under  the  city,  to  take  the  place  of  the  gob 
piers  for  the  purpose  of  the  local  support  of  valuable  surface  improve- 
ments where  general  flushing  is  not  convenient,  we  strongly  recom- 
mend the  filling  with  broken  stone  or  sand,  or  a  combination  of 
these  materials,  through  bore  holes  from  the  surface. 

Filling  of  this  sort  should  be  spread  out  by  hand  in  the  inside  of 
the  mine  so  that  it  completely  fills  the  whole  width  of  the  space  from 
pillar  to  pillar,  and  thus,  being  more  or  less  confined  has  its  support- 
ing power  increased.  If  broken  stone  is  used  the  relative  proportion 
of  the  voids  should  be  ascertained  and  an  amount  of  sand,  coal  ashes, 
or  other  fine  material  added  sufficient  to  fill  these  voids. 

By  this  method  one  bore  hole  4  to  6  inches  in  diameter  would  be 
necessary  for  each  pier,  and  inasmuch  as  these  materials,  if  flushed  in 
by  water,  are  much  more  closely  packed  and  have  from  ten  to  fifteen 
tiines  th;  compressive  strength  of  dry  fflling,  it  would  always  be 
wise,  if  water  is  handy  or  is  not  too  costly,  to  flush  the  material  in, 
using  in  some  cases  the  city  water,  or  the  water  from  the  gutters 
during  the  storm  seasons  for  the  purpose.  The  more  sand  there  is 
in  the  mixture  the  better  it  will  be,  for  our  tests  have  shown  that 
clear  river  sand  is  the  strongest  and  least  yielding  material  available, 
if  it  is  flushed  into  and  confined  in  the  limits  of  a  mine  chamber; 
moreover  it  is  about  the  cheapest  material  obtainable  for  this  purpose 
in  Scranton. 
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THE  VALUE  OF  THE  DEVICES  FOR  HOOF  SUPPOET. 

The  following  table  sets  forth  the  value  of  the  above  devices  for 
diy  filling,  and  also  the  value  of  the  different  materials  that  are 
available  for  flushing  coal  mines  in  this  locaUty.  The  values  are 
directly  deduced  from  the  results  of  the  tests  made  by  us  at 
Lehigh  University,  and  we  think  are  sufficiently  clear  to  be  self- 
explanatory.  We  might  add,  however,  that  test  1  would  represent 
the  ordinary  supporting  value  of  gob  piers  or  gob  pillars.  Test  2 
represents  the  value  of  well-constructed  gob  piers,  while  tests  6,  7, 
and  8  set  forth  the  supporting  value  of  mine  rooms  filled  with  rock 
blasted  from  the  floor  and  roof,  as  heretofore  mentioned;  and  tests 
12  and  13  indicate  the  supporting  strength  of  fine  materials,  such  as 
coal  culm  and  river  sand,  if  flushed  in  with  water.  At  the  bottom  a 
comparison  is  made  between  the  supporting  value  of  the  flushed 
culm  and  the  flushed  sand,  and  the  concrete  piers  of  the  same  nature 
as  the  sample  tested. 

Table  4. — Supporting  strength  of  various  forms  of  dry  fiUing, 


Kind  of  material  oomprtoliig  Uie  arti- 
ficial supports. 


Per  cent  of  compression. 


I.  Bectangnlar  gob  plan,  ordinary 

construction 

a.  Circular  piers  of  mine  rock  well  con- 
structed  

a.  Timber  cogs  filled  with  gob»  aver- 
age construction 

4.  Loose   pile  of  broken  sandstone 

•throu^  li-inch  ring,  40  per  cent 
voids 

5.  Pile  broken  sandstone,  40  per  cent 

voids,  voids  filled  with  sand 

6.  Loose  pile  large  size  broken  sand 

rock,  46  per  cent  voids 

7.  Mine  room  filled  with  large  broken 

sand  rock,  fiO  per  cent  voids 

8.  Mine  room  filled  with  broken  sand- 

stone, 40  per  cent  voids 

0.  Mine  room  nlled  with  broken  sand- 
stone, 40  per  cent  voids  filled  with 
sand 

10.  Mine  chamber  filled  with  dry  coal 
ashes,  64  per  cent  voids 

II.  Mine  room  filled  with  dry  river  sand. 

12.  Mine  room  filled  with  river  sand 

flushed  in  with  water 

13.  Mine  chamber  filled  with  coal  cuhn 

flashed  in  with  water 

14.  Concrete  pier,  1  part  cement,  7  parts 

sand  and  gravel;  5  months  old 


Approximate  depth,  in  feet,  of  column  of  coal 
measure  rock  1  foot  square,  necessary  to 
compress  artificial  roof  supports— 
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Gradually  cracked  to  pieces 
under  continuous  load  equal 
to  600  feet  of  rock. 


Free  to  expand 

lateraUy. 


Besistanoe  of  flushed  culm. 
Resistance  of  fiushed  sand . 
Concrete  pier 


1 

3.5 
3.6 


1 
4.4 
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1 
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VComparative. 


a  27  per  cent  settlement. 
»  28  per  cent  settlement. 


c  20f  per  oent  settlement. 
tfWorthlesi. 


60  MINING  CONDITIONS  UNDER  CITY  OF  SOBANTON,  PA. 

SUGGESTIONS    FOR    IMPROVEMENT    IN    MINING 
METHODS  AND  PILIiAR  SUPPORT. 

The  soHd  coal  remaining  to  be  mined  under  the  city  of  Scranton 
is  mainly  in  the  Dunmore  beds  Nos.  1,  2,  and  3.  These  beds  are  from 
200  to  600  feet  below  the  surface  under  the  greater  portion  of  the 
city. 

Future  mining  plans^  we  think,  should  provide  for  leaving  at  least 
50  per  cent  of  the  coal  in  these  beds  on  first  mining,  and  the  columni- 
zation  of  the  pillars  throughout  all  new  mining  as  far  as  possible. 

FLTTSHING. 

Reference  has  been  made  to  the  practice,  now  quite  general,  of 
flushing  culm  into  the  mines.  This  is  being  done  at  nearly  all  of  the 
collieries  within  the  city  limits,  and  the  method  and  effectiveness 
of  this  kind  of  support  was  observed  by  personal  inspection  under- 
ground (see  PI.  26) . 

With  reference  to  the  tests  made  at  Lehigh  University  of  the 
compressibility  of  the  several  kinds  of  support  now  in  use  or  sug- 
gested, we  are  of  the  opinion  that  a  practicable  method  for  the  sup- 
port of  the  overburden,  utility  and  cost  being  considered,  is  flushing 
the  openings  with  culm,  ashes,  sand,  broken  stone,  material  excavated 
from  cellars,  and  other  stuff  of  similar  nature  that  can  be  reduced 
to  a  size  small  enough  to  be  carried  in  pipes  with  water. 

As  before  referred  to,  the  flushing  of  mines  for  the  support  of  the 
overburden  has  been  adopted  in  Eiu*ope  with  marked  success,  both 
in  the  matter  of  support  and  recovery  of  aU  the  mineral,  the  material 
used  for  filUng  being  sand,  loam,  crushed  slag,  and  crushed  stone. 

It  is  manifest  that  the  quantity  of  culm  available  for  flushing  the 
extensive  mine  openings  is  insufflcient,  even  if  all  of  that  now  on  the 
surface  within  the  city  limits,  together  with  that  produced  in  the 
preparation  of  the  present  output  of  coal  were  put  into  the  mines. 

According  to  figures  we  have  assembled  and  supplemented  with 
estimates,  it  appears  that  there  has  been  extracted  from  the  beds 
underlying  tlie  city,  approximately  221,000,000  tons  of  coal  and  other 
material. 

The  workings  under  the  city  are,  of  course,  not  all  open,  large  areas 
having  been  closed  by  general  caves  and  squeezes.  It  is  not  possible 
to  determine  the  proportion  of  openings  that  have  been  thus  closed 
or  filled,  but  a  conservative  estimate  of  the  space  now  open  would 
be  that  it  probably  does  not  exceed  50  per  cent  of  the  original. 

The  positive  protection  of  aU  of  the  surface  would  appear  to  re- 
quire the  filling  with  some  supporting  material  of  all  of  the  open 
spaces  as  rapidly  as  the  coal  is  extracted;  but  such  a  scheme  is,  of 
course,  impracticable.    It  therefore  remains  to  determine  about  what 
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proportion  of  the  openings  to  be  flushed  would  afford  reasonable  pro- 
tection. To  determine  this  point  definitely  would  necessitate  a  much 
more  thorough  investigation  and  more  detailed  surveys  than  were  con- 
templated in  the  general  investigation  upon  which  we  are  now  en- 
gaged. We  would,  however,  express  the  opinion  that  conditions  could 
be  materiaUy  improved  by  the  insertion  of  artificial  pillars  reinforcing 
the  natural  piUars  of  coal  in  blocks  of  from  1  to  5  acres  at  points 
where  the  danger  of  subsidence  appears  greatest;  such  artificial  pil- 
lars to  be  arranged  with  some  degree  of  regularity,  so  that  the  over- 
lying strata  between  the  artificial  pillar  supports  would  act  as  natural 
bridges.  This  suggestion  is  made  in  order  to  distribute  the  rehef 
measures  over  as  large  an  area  as  possible,  and  to  keep  the  burden 
of  expense  within  reasonable  bounds. 

The  fact  that  the  best  and  most  practicable  of  supports  is  obtained 
by  flushing  refuse  material  into  the  openings  having  been  deter- 
mined, it  remains  to  ascertain  the  sources  of  supply  of  this  material, 
and  the  practicable  methods  of  handling  it. 

We  would  classify  the  materials  obtainable,  in  about  the  following 
order: 

CULM   FROM   OLD   AND   FROM  FRESH-MINED  BANKS. 

Culm  is  now  being  used  for  flushing  mine  workings.  We  make  no 
further  conmient,  excepting  to  refer  to  the  test  of  its  compressi- 
biUty,  and  to  the  fact  that  we  had  opportunities  to  observe  the 
methods  of  distribution  of  the  material  underground,  and  to  note  the 
apparent  support  given  to  the  existing  coal  pillars  and  to  the  ove> 
burden. 

SURPLUS  MINE  ROO£. 

The  second  source  of  supply  of  material,  in  the  order  of  availar 
bility,  we  believe  would  be  the  surplus  mine  rock  that  is  produced 
in  the  mining  of  the  thin  beds  of  coal  where  either  roof  or  floor  must 
be  removed  to  make  height.  It  was  observed  in  most  of  the  thin 
beds  visited  that  considerable  quantities  of  this  material  are  handled, 
either  being  stowed  in  the  chambers  or  loaded  into  mine  cars  and 
hauled  to  some  distant  point  to  be  unloaded  by  hand  into  abandoned 
mine  openings.  While  this  stowage  of  gob  affords  some  measure 
of  support  to  the  coal  pillars  and  the  roof,  the  compressibility  of  the 
material,  as  shown  by  the  tests,  is  so  great  that  the  material  if  put  in 
by  ordinary  stowage  is  practically  useless  as  an  effective  support, 
particularly  at  great  depths.  We  believe,  therefore,  that  this 
material  should  be  loaded  into  cars,  hauled  outside,  and  handled 
over  an  eflicient  dump  and  through  crushing  rolls  of  proper  design 
for  pulverizing  hard  materials.  The  ground  material  should  then  be 
flushed,  with  the  culm  produced  at  the  mine,  into  the  portions  of  the 
mine  workings  where  it  will  do  the  most  good. 
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In  addition  to  this  source  of  supply  of  filling  material,  it  would 
probably  be  found  practicable  to  install  handling  and  crushing 
machinery  at  each  of  the  mining  operations  within  the  city  limits,  to 
pick  up  refuse  material,  such  as  old  rock  banks,  ash  banks  and  slag,  and 
to  grade  off  humps  and  hills  of  earth  and  comparatively  soft  rock, 
and  to  treat  this  material  in  the  same  manner.  The  cost  of  hfl.Tlf^l1ng 
and  flushing  such  foreign  material  in  connection  with  the  going 
operations  of  the  several  mines,  would,  of  course,  be  very  much  less 
per  cubic  yard  than  it  would  be  in  the  case  of  an  independent  plant 
established  for  obtaining  and  handling  flushing  material  elsewhere. 

BIVEB   SAND. 

The  next  source  of  supply  of  material  for  flushing  purposes,  and  one 
that  we  deem  of  considerable  importance,  is  the  Lackawanna  River. 
It  is  a  well-known  fact  that  this  stream  of  water  carries  in  suspension 
large  quantities  of  culm,  sand,  and  loam  at  all  times,  and  especially 
during  the  flood  season.  Of  course  it  is  impossible  to  determine 
without  careful  tests  the  quantity  of  this  material  in  cubic  yards, 
but  we  do  not  hesitate  to  express  the  opinion  that  there  is  enough  of 
it,  and  will  continue  to  be,  to  justify  the  establishing  of  settling 
basins  and  of  a  pumping  plant  for  distributing  the  material  thus 
impounded  to  points  in  the  mine  workings  where  artificial  pillars  are 
to  be  inserted. 

To  utilize  this  source  of  supply,  it  would,  in  our  opinion,  be  advis- 
able either  to  purchase,  or  to  procure  long-term  leases  on,  river-bottom 
lands  at  various  points  where  suitable  catch  basins  could  be  excavated, 
and  to  procure  a  site  for  a  central  pumping  plant  for  the  purpose  of 
handling  this  material.  When  such  a  plant  is  established,  arrange- 
ments could  be  made  to  let  down  from  the  catch  basins,  at  points 
upstream,  the  accumulated  material;  this  would  be  carried  by  the 
stream  to  a  central  basin  somewhere  within  the  city  limits. 

We  believe  similar  impounding  basins  on  a  smaller  scale  might  be 
practicable  on  Eoaring  Brook,  and  that  such  material,  if  gathered  at  a 
higher  elevation,  might  be  flushed  to  near-by  mine  workings  by 
gravity. 

CIFY   REFUSE. 

Another  source  of  supply  of  material  for  flushii^  purposes  would  be 
city  ashes  and  refuse  from  the  streets  and  catch  basins;  also  material 
from  cellar  excavations,  grading  of  streets,  parks,  etc.,  which  of  course 
would  have  to  be  put  through  a  crushing  plant  and  reduced  to  such  a 
size  that  it  could  be  handled  by  flushing.  For  the  proper  distribution 
of  the  m.aterial  just  mentioned  it  would  be  necessary  to  drill  bore  holes 
to  the  mine  workings  at  convenient  points  in  the  city  streets  and 
alleys — preferably  in  the  latter,  because  there  would  be  less  inter- 
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ference  with  traffic.  The  necessary  water  for  flushing  this  material 
would,  of  course,  be  suppUed  from  the  central  pumping  plant  on  the 
river  or  from  the  Roaring  Brook  gravity  supply. 

SAND  FROM  DISTANT  POINTS. 

Another  important  source  of  supply  of  material  which  we  believe 
would  be  practicable  would  be  sand  and  loam  that  the  transporta- 
tion companies  should  bring  in  from  distant  points  along  their  rail- 
roads, where  it  can  be  most  economically  procured,  in  returning 
empty  coal  cars.  This  material  would  have  to  be  dumped  over  a 
suitably  arranged  hopper  and  flushed  into  the  mines  with  culm  and 
other  material. 

A  comparatively  cheap  and  effective  means  for  transportation 
of  flushing  material  on  the  city  streets  to  the  shallow  shafts  and 
bore  holes  suggested  would  be  to  arrange  with  the  traction  company 
to  haul  the  stuff  in  suitably  designed  hopper-bottom  cars  from  the 
central  crushing  plant  during  the  time  of  light  traffic  at  night. 

We  would  suggest  the  establishment  of  about  four  crushing  plants 
so  designed  as  to  be  easily  knocked  down  and  moved  to  other  locations. 
The  material  to  be  handled  by  these  plants  should  be  taken  from 
points  where  grading  of  humps  and  hills  will  result  in  the  improve- 
ment of  highways,  parks,  and  private  or  public  lands. 

In  this  connection  we  would  refer  to  the  very  extensive  grading 
operations  carried  on  in  Seattle,  Wash.  A  large  section  of  the  busi- 
ness center  of  that  city  was  regraded  mainly  by  the  hydraulic  method. 
Hills  100  feet  high  were  cut  or  washed  away,  buildings  were  shored 
up  or  torn  down,  and  the  general  level  of  tiie  regraded  section  was 
lowered  10  to  30  feet.  The  material  was  flushed  into  Puget  Sound 
by  streams  of  water,  and  large  areas  of  new  land  were  formed  over 
the  low  tide  marshes  along  the  bay  shore.  The  expense  was  met 
by  a  general  city-improvement  tax. 

PliANS,  SPECIFICATIONS,  AND  COSTS. 

The  general  nature  and  wide  scope  of  this  report  necessarily  limit 
us  to  general  plans,  specifications,  and  estimates  of  cost.  The  render- 
ing of  detailed  plans  and  specifications  and  of  exact  estimates  of 
cost  can  be  made  only  after  careful  and  exact  surveys  imder  particu- 
larly ascertained  conditions;  such  surveys  should  be  obtained  from 
the  engineers  who  are  to  be  in  charge  of  the  execution  of  the  work 
recommended  in  this  report,  in  case  it  shall  be  entered  upon  by  the 
authorities.  We  therefore  explain  by  way  of  specifications  what  will 
be  necessary  in  our  opinion,  what  we  recommend  to  be  done  to 
ameliorate  the  present  conditions,  and  the  approximate  cost  thereof. 

We  have  made  careful  investigations  of  the  resisting  power  of 
the  various  devices  thus  far  used  for  supporting  the  roof  at  various 
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places  under  this  city,  and  also  of  other  devices  we  were  cognizant 
of  or  have  ourselves  originated,  but  the  supporting  values  of  these 
various  devices,  as  indicated  in  the  tables  of  tests  presented,  have 
convinced  us  that  the  method  of  flushing  material  into  the  mines 
by  means  of  water  is  the  best  and  only  well-tried  method. 

The  method  we  have  originated  and  experimented  upon  to  some 
meager  extent — that  of  providing  roof  support  by  simultaneously 
blasting  the  floor  and  the  roof  of  the  coal  mine  to  form  a  permanent 
pillar  from  the  debris  resulting  from  the  blasting — ^is  an  economical 
one,  and  has  its  advantages  for  certain  special  localities  where  the 
overburden  is  light.  Still,  the  amount  of  compression  to  which  the 
pillars  of  this  sort  would  be  liable  is  considerable  and  the  extent  of 
the  possible  disrupting  effect  of  the  heavy  blasting  upon  the  strata 
is  unknown.  Consequently,  much  more  extended  and  practical 
experiments  or  tests  of  the  method  must  be  made  before  its  value 
and  importance  as  a  roof  supporting  device  can  be  established. 

Therefore,  the  only  method  we  feel  like  recommending,  after  a 
careful  study  of  the  conditions,  is  the  flushing  method. 

As  before  mentioned,  the  best  protection  for  the  surface  from 
caves  would  require  the  complete  filling  of  the  mine  openings  with 
culm,  sand,  or  other  form  of  material,  and  even  then  there  would 
be  more  or  less  subsidence  if  pillars  were  removed  and  filled-in  mate- 
rial were  substituted.  The  excessive  cost  of  completely  filling  the 
openings,  and  the  tremendous  magnitude  of  the  project  makes  this 
plan  prohibitive. 

In  our  opinion  reasonable  protection  can  be  afforded  by  the  intro- 
duction of  artificial  pillars  of  flushed  material,  reinforcing  the  nat- 
ural coal  pillars  to  the  extent  of  relieving  them  of  one-third  of  the 
overburden.  Such  artificial  pillars  to  be  located  about  as  follows, 
reference  being  had  particularly  to  the  plans  shown  in  Plates  1  to 
24,  which  are  part  of  this  report. 

Owing  to  the  great  importance  of  substantial  support  for  school 
properties,  we  would  suggest  that  in  each  bed  mined  under  any  school, 
for  at  least  50  feet  outside  the  lot  limits,  or  rather  for  a  distance 
equal  to  one-half  the  depth  of  a  bed  below  the  surface,  the  open- 
ings be  flushed  full  of  the  best  available  material.  The  school  prop- 
erties— ^being  located  in  all  parts  of  the  city,  and  over  widely  varying 
mining  conditions — ^would  afford  good  starting  points  from  which 
to  space  the  additional  artificial  pillars  necessary  for  the  protection 
of  the  surface  elsewhere. 

Following  out  the  above  scheme  in  systematic  order,  we  would 
recommend  the  installation  of  artiflcial  pillars  of  flushed  sand  or 
flushed  culm  at  each  street  intersection  where  the  city  blocks  are 
of  the  usual  size,  about  5  acres,  the  present  coal  pillars  to  remain. 
In  the  case  of  all  coal  beds  of  greater  depth  than  150  feet,  such  piUars, 
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if  at  the  block  comers,  might  be  sufficiently  near  together;  but  for 
less  depth  the  strata  might  be  too  weak  to  bridge  the  whole  width 
of  a  city  block,  even  though  the  usual  coal  pillars  were  left  in  place. 
Therefore  it  would  be  better,  in  the  latter  case,  to  install  pillars  in 
the  center  of  each  block  also,  in  which  case  the  pDlars  should  each 
be  about  one-half  as  large  as  if  located  at  the  block  comers  only. 

In  locating  artificial  pillars  intermediate  between  school  proper^ 
ties,  advantage  should  be  taken  of  those  places  already  flushed  by 
the  coal  companies.  It  wiQ  be  found  that  considerable  filling  of 
this  sort  has  been  done. 

The  question  of  the  size  and  consequent  cost  of  artificial  piers  is 
approached  by  us  with  much  hesitation  and  caution,  because,  although 
we  have  secured  considerable  valuable  information  on  the  subject 
through  the  undeiground  investigations  we  have  been  making,  we 
know  that  in  the  last  analysis  the  size  of  these  piers  must  be  esti- 
mated from  the  results  of  the  testing  we  have  done  at  the  Fritz 
engineering  laboratory  at  Lehigh  University.  In  view  of  the  great 
magnitude  and  importance  of  the  question  at  stake,  we  realize  that 
these  tests,  which  are  the  first  of  the  kind  that  have  ever  been  made, 
are  veiy  meager  and  do  not  constitute  a  sufiicient  foundation  upon 
which  to  base  final  conclusions. 

Therefore  we  have  decided  to  use  a  factor  of  safety  of  two.  In 
other  words,  the  size  of  the  piUars  we  have  recommended  is  twice  as 
large  as  the  tests  indicate  might  be  necessary.  These  tests  are  subject 
to  check  by  further  tests  and  other  data  that  may  be  procured  later, 
either  through  the  working  out  in  practice  of  the  recommendations 
herein  made,  or  otherwise,  but  which  have  not  been  and  are  not  now 
available  to  us. 

The  size  of  artificial  pillars  should  be  detennined  by  the  local 
conditions  found  at  the  exact  spot  chosen  upon  inspection  by  the 
engineer  in  charge  of  the  work.  Subject  to  the  above  observations, 
the  horizontal  areas  of  artificial  piers  of  flushed  material  confiined 
in  mine  rooms  are  indicated  in  detail  by  the  table  f  oUowiog. 
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Tablb  5. — Hariumtal  area^  in  »quare  yards ,  of  artificial  mine  piUan  of  confined  JlitAed 
culm  or  flushed  sand  required  under  varioys  permissible  compressions  to  sustain  one-third 
of  the  overburden  of  one  city  block  of  five  acres ,  at  various  depths. 


Ultimate 
uniform 
oompreB- 

alon 
permitted. 

Depths. 

26  feet. 

50  feet. 

100  feet. 

Ciilm. 

Sand. 

Calm. 

Sand. 

Culm. 

Band. 

3 

5 

10 

3 

5 

10 

3,424 

2,122 

848 

800 
452 
176 

0,848 
4,244 
1,606 

1,600 
004 
352 

• 

13,606 
8,488 
3,302 

5,200 

1,806 

704 

200  feet. 

400  feet. 

800  feet. 

16,976 
6,784 

6.400 
3,616 
1,406 

13,568 

12,800 
7,232 
2,810 

14,464 
5,632 

a  Openings  filled. 

NoTBS.~l.  Up  to  3  per  cent  compression,  piers  of  sand  and  gravel  concrete  might  be  only  ooe-half  the 
dze  of  sand  piers,  but  for  weights  that  woula  produce  greater  compression  they  are  worthless. 

2.  One  city  block  of  5  acres  covers  24,200  square  yards. 

8.  In  fixing  upon  the  amount  of  compression  that  might  be  permitted,  consideration  should  be  given 
to  the  fact  that  where  several  beds  are  to  be  filled,  the  total  settlement  will  be  sevnal  times  as  great  m  for 
one  bed  of  the  average  thickness. 

4.  It  will  be  noted  that  complete  filling  with  culm  Is  necessary  for  the  compression  mentioned  at  dmths 
of  200  to  about  500  feet,  whereas  for  grealer  depths  the  compression  due  to  the  greater  wei^t  wouki  be 
excessive.  Sand,  on  account  of  its  greater  strength,  is  suitable  for  filling  all  beds  at  all  depths  under  the 
dty  of  Scranton,  and  is  therefore  to  oe  preferred. 

The  location  of  bore  holes  or  shafts  through  which  to  flush  the 
material  must  be  determined  by  the  engineers  in  charge  of  the  work. 
Several  of  the  blocks  can  be  reached  from  the  foot  of  each  bore  hole 
or  shaft. 

In  many  of  the  beds  on  the  west  side  large  areas  of  the  mines  are 
inaccessible,  and  conditions  are  of  such  a  character  •  that  we  are 
thereby  limited  to  the  most  general  specifications.  We  would  sug- 
gest first,  that  the  school  properties  be  taken  as  starting  points,  and 
under  each  of  them,  namely,  Nos.  13,  43,  12,  29,  32,  32  annex,  14, 
31,  16,  17,  18,  19,  41,  21,  40,  24,  22,  23,  25,  26,  and  44,  artificial  piers 
of  flushed  material  be  instaUed  wherever  possible,  these  piers  to 
extend  well  beyond  the  lot  lines  (at  least  50  feet  outside)  in  all  the 
beds  that  have  been  worked,  beginning  with  the  lowest  bed;  and 
that  when  a  piUar  is  built  in  that  bed,  the  overlying  beds  be  filled 
in  order. 

Early  attention  to  schools  Nos.  12,  23,  and  29  is  especially  impor- 
tant. In  locating  the  supporting  piUars  advantage  should  be  taken 
of  the  large  areas  that  are  caved  and  closed  in  the  Clark,  New  County, 
Big,  Eock,  and  Diamond  beds,  and  of  other  parts  that  are  already 
flushed.  The  best  results  will  be  obtained,  of  course,  by  flushing 
the  lowest  beds  first  and  proceeding  upwards,  care  being  taken  to 
locate  the  new  piUar  in  the  upper  seam  over  that  already  in  place 
in  the  seam  below. 
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COST  OF  SUOOESTED  PROTECTIYE   MEASURES. 

The  absence  of  accurate  and  conclusive  data,  and  the  many 
uncertain  factors  entering  into  this  general  statement  make  any 
submitted  jBgures  approximate  only.  Assuming  that  all  the  sources 
of  flushing  material  hereinafter  mentioned  in  the  order  of  their  im- 
portance and  value — ^first,  sand  and  loam  brought  from  a  distance 
in  returning  empty  coal  cars;  second,  culm  from  breakers  and 
washeries;  third,  crushed  mine  rock,  gob,  etc.;  fourth,  culm  and 
silt  from  Lackawanna  River  and  Roaring  Brook;  fifth,  crushed  rock 
from  three  or  four  plants  (which  might  be  established  by  the  pro- 
tective coxnmission) — are  utilized  in  r^ular  and  systematic  order, 
and  that  the  methods  of  procuring  water  for  flushing,  etc.,  as  sug- 
gested, are  put  in  effect,  we  would  in  that  case  estimate  the  cost  of 
the  measures  suggested  about  as  follows: 

The  necessary  plants  and  machinery  for  expeditiously  excavating 
and  loading  the  sand  and  filling  material  at  distant  points,  and  the 
plants  in  the  city  for  unloading  and  transferring  the  material  to  the 
traction  company  cars  for  deUvery  at  night  to  the  various  flushing 
points;  the  building  of  the  dam  and  pumping  stations  on  the  Lacka- 
wanna River  and  the  necessary  storage  dams  at  various  points  on  the 
river  above  the  city,  for  catching  surplus  sediment  during  seasons 
of  high  water;  the  dam  in  Roaring  Brook,  above  the  city  level;  the 
necessary  means  to  conduct  the  water  to  the  more  elevated  parts  of 
the  east  and  south  sides;  and  a  portable  crushing  plant  to  be  located 
at  the  flushing  points  to  crush  the  larger  particles  of  sand,  coal  ashes, 
and  city  refuse  that  may  be  dehvered  and  mixed  with  the  flushing, 
would  cost  approximately  $500,000. 

The  necessary  faciUties  outlined  above  for  the  expeditious  and 
economic  handling  of  material  and  prosecution  of  the  work  having 
been  provided,  it  is  our  opinion  that  artificial  piers  may  be  estab- 
lished in  various  beds  at  about  the  cost  shown  in  the  following  table, 
using  the  factor  of  safety  (2)  mentioned  above. 
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Table  6. — Approanmate  cost  per  foot  of  coal-hed  thidtness  of  aTtifi4ial  mine  pillar  of  <xm- 
fined  Jluehea  culm  or  flushed  sand  required  under  various  permissible  compressions  to 
sustain  one-third  of  the  overburden  of  one  city  block  of  five  acres,  at  various  depths. 


Ultimate 

unlfonn 

oomprc^ 

slon 
pennltted. 

Cost. 

Depth,  25  feet. 

Depth,  50  feet. 

Depth,  100  feet. 

« 

Culm. 

Band. 

Culm. 

Sand. 

Cuhn. 

Band. 

Percent. 

3 

5 

10 

3 

5 

10 

S286 

170 

70 

S266 

150 

60 

$S72 
352 
140 

S532 
300 
120 

Sl»144 
704 
280 

fl,064 
COO 
240 

Depth,  aoo  feet. 

Depth,  400  feet. 

Depth,  800  feet. 

a«2,016 

1,406 

560 

12,128 

1,200 

480 

SI, 120 

S4,256 

2,400 

960 

(a) 
(•) 

aS8.070 
4.300 
1,920 

aFUIed. 


The  approximate  cost  per  foot  of  bed  thickness  for  each  acre  of 
complete  flushing  under  schools  and  elsewhere,  to  take  the  place  of 
pillars,  if  removed,  would  be: 

For  culm  below  level  of  river $406 

For  sand  above  or  below  river 1, 615 

If,  in  the  case  of  the  coal  beds  150  feet  or  more  deep,  the  board  of 
control  concludes  to  be  satisfied  to  relieve  the  present  pillars  under 
the  schools  of  about  one-third  of  the  burden  they  now  sustain,  the 
approximate  cost  of  so  doing,  per  foot  of  bed  thickness  for  each  acre 
thus  protected,  will  be  about  one-fifth  of  the  cost  shown  in  Table 
6,  for  the  same  depth,  material,  and  settlement.  For  example,  to 
relieve  the  present  pillars  of  the  Clark  bed,  which  is  about  200 
feet  deep  under  the  central  city  and  hill  sections,  of  one-third  of  the 
weight  they  now  sustain,  allowing  5  per  cent  as  ultimate  permissible 
settlement  for  the  coal-bed  roof,  would  cost  per  foot-acre  of  coal 
bed,  about  $280  for  culm  flushing,  if  the  piers  are  below  the  river 
level;  or  $240  for  sand  flushing,  whether  above  or  below  the  river; 
and  since  this  coal  bed  is  about  7  feet  thick,  the  total  cost  of  such 
piers  would  be  about  $1,960  and  $1,680  per  acre,  respectively. 

The  above  table  is  estimated  on  the  supposition  that  the  pillars  of 
flushed  culm  would  be  installed  only  at  points  that  are  in  coal  beds 
below  the  level  of  the  river  (so  the  necessity  of  pumping  culm  to 
an  elevation  above  the  river  would  be  avoided)  and  that  piers  of 
flushed  sand  would  be  installed  in  coal  beds  at  locations  that  are 
above  the  level  of  the  river,  or  at  any  location  where  such  sand  pillars 
would  be  convenient  and  not  more  costly  than  culm  pillars. 

It  will  be  noted  that  there  is  no  large  difference  in  cost  between 
culm  or  sand.    This,  of  course,  is  on  account  of  the  greater  efficiency 
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of  the  sand,  a  less  quantity  of  which  is  required  to  give  the  same 
supporting  power. 

It  will  be  apparent  that  much  of  this  work  can  be  done  by  the 
systems  of  flushing  already  in  service  at  the  several  mining  plants, 
and  that  in  order  to  accomplish  the  best  results  in  the  most  eco- 
nomical manner,  the  plans  of  the  city  mine-cave  protective  commis- 
siou  must  be  m^e  in  harmony  with  the  already  itabUshed  systems 
of  the  mming  companies.  It  is  manifest  that  all  underground  work 
should  be  done  in  cooperation  with  the  coal  companies  and  that  the 
water  flushed  into  the  mines  must  be  pumped  by  the  plants  already 
installed,  with  such  additional  equipment  as  may  be  found  necessary. 

Therefore,  this  matter  of  harmonious  plans  and  procedure  between 
the  coal  companies,  the  city,  the  school  authorities,  and  the  public 
is  essential  to  the  successful  carrying  out  of  any  relief  measures  that 
are  herein  or  may  be  hereafter  suggested.  It  is  a  fact  that  should  be 
evident  to  all  that  the  prosperity  of  the  city  and  the  community  is 
to  a  large  extent  dependent  upon  the  coal  companies,  so  that 
drastic  laws  or  regulations  that  may  curtail  the  mining  of  coal  will 
necessarily  react  on  the  prosperity  of  the  community,  whereas  any 
ameliorating  plans  or  compromises  which  it  may  be  possible  to  effect 
between  the  city  and  the  mining  companies  tend  to  prolong  the  life 
of  the  mining  industry  in  Scranton  and  vicinity,  and  should  be  pro- 
moted. 

It  should,  therefore,  be  the  aim  of  all  persons  interested  in  mine- 
cave  protective  measures  and  of  the  companies  operating  the  mines 
to  adopt  plans  that  will  best  conserve  the  welfare  of  aU  concerned. 

The  expenditure  for  the  work  would,  of  course,  be  distributed  over 
many  years,  the  relief  measures  being  applied  at  the  points  most  in 
need  of  protection  and  as  rapidly  as  proper  arrangements  could  be 
effected  and  the  necessary  details,  surveys,  etc.,  prepared. 

For  the  business-Uke  carrying  out  of  the  plans  suggested,  it  is 
recommended  that  a  protective  commission  be  estabUshed,  consisting 
of  not  less  than  three  nor  more  than  five  men  representing  the  city 
authorities,  the  school  board,  and  the  coal  companies;  this  commis- 
sion to  have  full  and  complete  authority  for  the  execution  of  the 
plans,  after  approval  by  the  proper  legal  action.  The  commission 
should  employ  an  engineer  as  active  manager  of  the  work,  who 
should  devote  all  his  time  to  the  service. 

GENERAL  CONCLUSIONS. 

In  concluding  tliis  somewhat  lengthy  report,  we  are  of  the  following 
opinion : 

First.  Speaking  broadly,  the  surface  of  the  city  can  be  supported 
by  the  methods  recommended,  and  at  a  cost  not  in  any  sense 
prohibitory  when  considered  with  relation  to  the  value  of  the  prop- 
erty and  the  activities  for  which  support  is  absolutely  essential. 
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Second.  Although  there  are  points  in  the  city,  as  indicated  in  the 
detailed  report,  where  at  the  present  time  in  our  judgment  there  is 
distinct  and  immediate  danger  to  life  and  property,  yet  the  total 
area  immediately  threatened  constitutes  but  about  15  per  cent  of  the 
entire  area  of  the  city,  and  the  danger  is  mainly  from  workings  in 
surface  beds. 

Third.  On  the  west  side  the  beds  of  the  middle  series  are  thick 
and  close  together  and  the  pillars  are  not  columnized,  creating  a 
dangerous  situation  where  the  workings  have  not  been  closed  by 
previous  caves.  Particular  areas  thus  threatened  can  not  be  defi- 
nitely specified  on  account  of  the  inaccessibility  of  much  of  the  mined- 
over  area.  Detailed  investigation  should  be  made  of  the  portions 
of  the  mines  not  already  closed.  Relatively,  we  do  not  believe  that 
a  large  part  of  the  territory  mentioned  is  threatened  because  so 
much  ground  has  been  already  closed  by  caves. 

Special  attention  is  called  to  the  conditions  under  schools  Nos.  13, 
23,  and  29.    They  should  be  attended  to  promptly. 

The  beds  of  the  lower  series,  namely,  the  three  Dunmores,  are  so 
thin  and  so  far  below  the  surface  that  with  the  usual  system  of  min- 
ing we  do  not  think  they  constitute  a  serious  menace  to  the  improve- 
ments on  the  surface,  except  along  the  margin  of  solid  blocks  of 
unmined  coal  and  near  the  outcrops.  In  the  deep-lying  parts  of  the 
Dunmore  beds  we  believe  these  soUd  blocks  should  be  mined. 

Fourth.  It  would  seem,  therefore,  to  be  not  only  the  part  of  wis- 
dom, but  absolutely  obligatory  to  commence  at  once  to  give  support 
to  the  points  menaced,  and  thereupon  proceed  upon  a  general  policy 
of  giving  support  to  the  entire  area  of  the  city;  for  it  must  be  borne 
in  mind  that  with  the  mining  activities  that  are  constantly  going  on 
other  and  additional  points  of  danger  are  not  only  liable  to,  but  in 
all  probability  will,  develop  with  each  passing  year — ^it  might  almost 
be  said  with  each  passing  month. 

Fifth.  Where  the  owner  of  the  surface  has  undoubted  right  to  the 
support  thereof  by  coal  pillars,  in  our  opinion  he  could  permit  the 
removal  of  such  pillars;  the  value  of  these  would  under  average  con- 
ditions pay  for  such  artificial  support  as  we  have  recommended, 
assuming  that  the  pillars  were  mined  and  the  support  constructed 
by  the  same  operating  company.  This  observation,  however,  is 
based  upon  the  assumption  that  in  such  case  the  operating  com- 
pany would  be  one  of  the  large  transportation  companies,  inasmuch 
as  while  there  might  not  be  a  profit  in  the  immediate  transaction  of 
mining  the  piUars  and  installing  the  support  there  would,  of  course, 
be  a  profit  to  such  companies  in  carrying  the  coal  to  market. 

Sixth.  Culm  flushing  should  be  used  only  in  coal  beds  having  light 
cover,  up  to  200  to  500  feet,  according  to  the  amount  of  settlement 
expected.  But  sand,  being  four  or  five  times  as  strong  as  culm,  is 
better,  is  suitable  for  aU  beds  under  Scranton  and  should  be  preferred. 
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Seventh.  We  believe  that  the  conclusions  adduced  from  the  tests 
made,  and  the  calculatibns  and  tabulations  based  thereon,  are  rea- 
sonably reliable;  yet  we  desire  to  record  the  opinion  that  there  are 
conditions  existing  in  the  mines  to  which  they  might  not  apply — ^f or 
instance,  in  localities  where  several  seams  of  coal  are  separated  by  a 
thin  layer,  or  layers,  of  shale  and  slate,  or  even  sandstone,  and  the 
pillars  in  the  several  seams  are  not  over  one  another,  and  it  is  proposed 
reclaiming  all  or  any  part  of  the  pillars. 

Even  though  an  application  of  the  above  tables  might  appear  to 
fit  the  conditions,  we  believe  that  the  only  permissible  procedure 
would  be  to  first  fill  with  flushed  material  all  of  the  openings  in  the 
lowest  bed  of  the  series  and  then  fill  upward  until  all  the  beds  are 
filled,  care  being  taken  to  have  the  flushed  areas  over  one  another. 
After  all  of  the  openings  in  all  of  the  seams  have  been  filled,  the  pillars 
in  the  uppermost  seam  may  then  be  attacked;  as  each  pillar  is 
removed,  the  space  should  be  at  once  filled.  No  pillar  reclamation 
should  be  permitted  in  any  of  the  other  beds  until  all  of  the  pillars 
in  the  upper  bed  have  been  removed  and  the  overburden  has  come 
to  rest  on  the  flushed  material;  then  the  pillars  in  the  next  lower 
seam  may  be  attacked  and  handled  in  like  manner. 


NOTES  ON  SAND  FOR  MINE  FLUSHING  IN  THE  SCRAN- 
TON  REGION. 

By  N.  H.  Dabton. 

INTBODUCTOBY  STATEMENT. 

This  report  presents  the  results  of  field  studies  in  the  vicinity  of 
the  city  of  Scranton,  Pa.,  to  find  some  convenient  sources  of  sand  to 
be  used  for  filling  chambers  in  coal  mines  under  the  city.  Attention 
was  given  only  to  material  that  lies  at  higher  altitudes  than  the  work- 
ings and  might  be  hauled  down  grade  or  transported  by  water  to  the 
mines.  Moreover^it  was  recognized  that  inasmuch  as  the  final  means  of 
transportation  underground  would  be  flushing  with  water  the  material 
would  have  to  be  in  granular  condition.  TTie  sources  of  supply  are 
glacial  till  of  various  kinds  and  the  rocks  of  the  coal  measures  or 
underl3dng  formations.  The  latter  would  have  to  be  quarried  and 
crushed;  the  pebbles  and  bowlders  of  the  till  could  be  crushed  or 
discarded. 

BOCK  FOB  CBITSHINa. 

The  entire  anthracite  region  is  underlain  by  rocks  that  contain  a 
laige  proportion  of  sandstone  suitable  for  crushing,  and  can  yield 
an  angular  sand  of  great  strength.  It  is  estimated  that  sandstone 
of  moderate  hardness  can  be  crushed  into  coarse  sand  for  $0.50  to 
SO  .60  a  ton,  including  quarrying.  This  estimate  is  based  on  a  cost 
of  $1.60  per  ton  for  coal  for  power. 

One  of  the  most  conspicuous  rocks  in  the  Scranton  region  is  the 
Pottsville  conglomerate.  It  immediately  underlies  the  coal  meas- 
ures and  outcrops  in  belts  of  varying  width  in  the  mountain  slopes 
on  both  sides  of  the  coal  field.  The  greater  part  of  this  rock  is  too 
hard  to  be  cheaply  crushed  into  sand.  It  is  underlain  by  greenish 
and  gray  sandstones,  mostly  soft,  and  in  places  by  red  shale.  These 
sandstones  and  the  shale  can  be  more  easUy  crushed.  The  most 
extensive  ledges  of  sandstone  convenient  to  railroad  haulage  are  in  the 
gorges  of  Roaring  Brook  east  of  Scranton,  and  of  Leggetts  Creek, 
northwest  of  the  city.  Along  the  gorge  of  Roaring  Brook  from 
Moscow  to  Dunmore  there  are  continuous  high  ledges,,  many  of  which 
rise  500  to  700  feet  above  the  creek.  This  gorge  is  followed  by  the 
Erie  and  the  Lackawanna  railroads  with  a  heavy  down  grade  into 
Scranton.  There  are  many  localities  favorable  for  the  establishment 
of  quarries  and  crushers,  and  the  possible  tonnage  of  product  is  prac- 
tically unlimited.  It  is  certainly  sufficient  to  fill  all  coal  workings 
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under  the  city  of  Scranton.  One  crushing  plant  is  already  in  operar 
tion  by  the  Nay  Aug  Stone  Co.,  just  below  Nay  Aug  station.  How- 
ever, a  large  amount  of  stone  is  available  farther  down  the  gorge 
and  therefore  considerably  nearer  Scranton.  Crushed  rock  from  a 
quarry  in  this  gorge  could  be  loaded  directly  on  empty  coal  cars  and 
hauled  down  grade  into  Scranton. 

The  sandstones  underlying  the  Pottsville  conglomerate  in  the  gorge 
of  Leggetts  Run  present  a  thickness  of  about  800  feet,  rising  in  high 
walls  along  the  gorge  2  miles  northwest  of  Providence.  There  is  here 
available  a  very  large  amount  of  sandstone  of  moderate  hardness, 
admirably  located  and  physically  well  suited  for  sand  for  filling. 
The  product  could  be  hauled  down  grade  on  the  Lackawanna  Rail- 
road or  on  the  ttoUey  line  which  follows  the  bottom  of  the  gorge. 

The  hydraulic  transportation  of  the  fine  crushed  stone  to  the  mine 
was  not  especially  considered,  but  both  on  Roaring  Brook  and  on 
Leggetts  Creek  the  waters  are  so  impounded  that  perhaps  they  are 
not  continuously  available  for  hydraulic  work.  The  sandstones  under 
the  Pottsville  conglomerate  are  exposed  also  in  the  valley  of  Meadow 
Brook  in  the  southern  part  of  Scranton,  where  they  are  utilized  by 
the  crusher  now  in  operation.  This  crusher  belongs  to  the  Mead.ow 
Brook  Co.  and  has  a  capacity  of  about  300  tons  a  day.  Crushed 
stone  from  the  exposures  in  this  vicinity  would  be  handled  by  the 
Laurel  line  and  the  Erie  Railroad;  possibly,  also,  it  could  be  flushed 
down  the  bed  of  Meadow  Brook,  but  the  conditions  are  much  less 
favorable  for  such  tranportation  than  on  Roaring  Brook  or  Leggetts 
Creek. 

There  are  extensive  ledges  of  the  sandstones  of  the  coal  measures 
in  the  high  ridge  extending  west  from  Lackawanna  River,  just  east 
of  Holden,  where  a  moderately  large  amount  of  gray  sandstone 
is  available.  Another  ledge  appears  on  the  north  bank  of  Leggetts 
Creek,  near  its  mouth.  This  ledge  has  been  quarried  extensively, 
but  the  quarry  could  be  extended  over  1  or  2  acres  to  the  north.  To 
the  northwest  it  passes  under  the  huge  pile  of  culm  from  Le^etts 
Creek  colliery.  Sandstone  ledges  outcrop  prominently  in  the  high 
ridge  on  the  east  bank  of  Lackawanna  River,  a  half  mile  east  of 
Dickson,  and  a  crusher  could  be  established  at  this  place  with  fair 
advantage,  as  the  ledges  are  directly  over  extensive  coal  workings. 

aLACIAL  TILL. 

The  till  left  by  the  great  continental  glacier  extends  across  northern 
Pennsylvania,  and  forms  a  mantle  of  irregular  thickness  and  vary- 
ing composition.  In  the  Scranton  region  it  covers  much  of  the 
surface  to  a  considerable  depth,  excepting  the  mountain  slopes 
and  summits,  where  it  is  thin  or  absent.  The  underlying  coal- 
measure  rocks  also  appear  in  places  along  the  lower  slopes  of  the 
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Lackawanna  Valley,  and  near  the  river  there  are  terraces  of  later 
alluvium.  Where  the  till  is  thick  it  rises  in  hiunmocky  ridges  that 
are  generally  thickly  strewn  with  bowlders.  Scranton  is  built  mostly 
on  slopes  of  till,  terraces  of  rearranged  till  material,  and  later  beds  of 
sand  deposited  by  Lackawanna  River. 

The  glacial  till  consists  of  a  mixture  of  sand,  clay,  loam,  gravel, 
and  bowlders  in  varying  proportion.  In  the  Scranton  region  the 
till  contains  little  clay  and  a  predominance  of  sand,  but  I  saw  no 
extensive  deposits  of  pure  sand.  G/avel  and  bowlders  exist  in  all 
the  exposures  and  their  proportion  is  seldom  less  than  50  per  c^nt. 
Some  streaks  of  pure  or  pebbly  sand  occur,  but  they  are  local  and 
would  not  yield  a  large  supply.  If  the  sandy  till  were  subjected  to 
washing  by  hydraulic  jets  and  sluiceways  the  sand  would  all  be 
separated  from  the  bowlders.  This  till,  in  my  opinion,  is  the  best 
source  of  sand  in  the  region;  it  can  be  removed  at  many  places 
where  the  cultural  and  hydraulic  conditions  are  favorable.  One  of 
the  most  desirable  sources  of  supply  would  be  from  street  grading, 
since  the  result  would  be  both  a  large  volume  of  sand  and  a  city 
improvement.  The  bowlders  remaining  after  the  sand  had  been 
carried  off  could  be  crushed  into  sand  and  washed  into  the  sluice- 
ways. 

In  the  northern  part  of  Providence  there  are  several  prominent 
hills  or  knolls  of  sandy  till  which  could  be  leveled  to  advantage. 
They  lie  between  Bloom  and  Keyser  Avenues,  west  of  West  Market 
Street;  another  knoll  lies  just  east  of  West  Market  Street,  north  of 
Clark  Avenue.  These  knolls  rise  from  50  to  60  feet  above  the  average 
grade  of  the  streets  and  would  furnish  nearly  a  half  million  tons  of  mate- 
rial. The  material  contains  about  50  per  cent  of  sand;  the  remainder 
is  gravel  that  would  have  to  be  crushed  in  order  to  be  utilized  for 
flushing.  Two  very  much  larger  masses  of  till  lie  on  the  mountain 
slope  a  short  distance  north  and  west  of  this  area  and  another 
extends  up  the  ridge  on  the  north  side  of  Le^etts  Creek.  Each  of 
these  three  areas  contains  about  a  million  tons  of  sandy  till.  Similar 
masses  of  till  lie  on  the  lower  slopes  of  the  mountain  west  of  Keyser 
Creek,  the  largest  one  extending  to  within  a  few  hundred  yards  of  the 
Hyde  Park  colliery.  There  is  a  rock  core  to  this  largest  mass,  but 
the  tUl  is  not  less  than  50  feet  thick,  and  the  indicated  total  tonnage 
for  this  one  area  is  about  15,000,000  tons.  The  deposit  is  mostly 
sandy  tiU with  only  a  small  proportion  of  clay;  it  averages  nearly  50 
per  cent  sand.  Tlie  remaining  material  is  coarse  bowlders,  mostly 
of  hard  rocks,  which  might  either  be  crushed  into  sand  or  left  on  the 
ground  after  the  sand  is  washed  out.  There  is  in  this  vicinity  only 
a  meager  supply  of  water  for  hydraulicking. 

An  extensive  area  of  sandy  tUl  is  just  east  of  the  Holden  colliery. 
It  underlies  land  taat  for  the  greater  part  is  not  covered  by  buildings. 
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and  has  an  estimated  tonnage  of  about  5,000,000  tons.  The  material 
contains  about  50  per  cent  of  sand,  with  gravel,  bowlders  of  hard 
rock,  and  very  little  clay. 

One  of  the  most  desirable  bodies  of  sandy  till  is  on  the  estate  of 
William  Miles,  just  west  of  Olyphant.  The  land  is  not  built  on  and  is 
adjacent  to  various  lines  of  rfdlroads.  A  moderate  amount  of  water  is 
available  for  sluicing  in  a  near-by  creek,  and  water  possibly  can  be  had 
from  the  river  also.  The  till  area  measures  about  2,000  by  1,500  feet, 
and  the  thickness  of  material  available  is  about  30  feet.  These 
measurements  indicate  an  aggregate  of  nearly  5,000,000  tons.  The 
proportion  of  sand  is  variable,  but  in  places  it  exceeds  60  per  cent. 
It  is  being  dug  to  a  small  extent  for  sand  for  local  building  purposes. 
There  is  not  sufficient  clay  in  any  part  of  the  area  to  be  disadvan- 
tageous, and  the  gravel  and  bowlders  could  be  crushed,  if  desired. 

AIXTJVIinC. 

Along  the  Lackawanna  River  extend  low  alluvial  terraces,  which 
are  underlain  by  sand  that  in  greater  part  contains  only  a  small 
proportion  of  coarse  material.  Unfortunately,  however,  the  sand 
area  near  Scranton  is  covered  with  houses  or  is  held  for  its  value  as 
building  lots,  so  that  the  sand  is  not  available  except  at  a  few  points. 
As  the  terraces  are  very  low,  the  tonnage  of  sand  that  could  be  ob- 
tained is  not  great.  It  is  possible  that  the  water  of  the  river  could 
be  used  for  sluicing  this  material,  but  because  of  the  great  variation 
in  the  amount  of  water  available  during  the  different  seasons  of  the 
year,  the  conditions  are  not  altogether  favorable.  I'he  location  of  the 
railroads  along  the  river  complicates  the  problem  of  removing  the 
sand.  Doubtless  this  source  of  material  would  not  be  as  advan- 
tageous as  the  sandy  till  or  crushed  rock. 

BIVEB  SAND. 

The  most  extensive  deposit  of  sand  in  the  northern  anthracite 
coal  basin  is  under  the  deep  valley  of  the  Susquehanna  River  from 
Pittston  to  Nanticoke.  Its  width  averages  2  miles  for  a  long  distance 
and  its  thickness  varies  from  100  to  200  feet  in  greater  part.  There 
are  many  places  where  this  material  could  be  lifted  from  the  river 
channel  by  dredges  and  loaded  on  empty  coal  cars.  In  the  river 
and  harbor  work  of  the  United  States  Engineers  office  and  in  Panama 
Canal  excavations  sand  is  dredged  from  depths  of  20  to  40  feet  and 
carried  in  pipes  1,000  to  2,000  feet  at  a  cost  of  3  to  5  cents  a  cubic 
yard.  The  cost  of  handling  sand  from  the  Susquehanna  River  is  a 
matter  for  local  engineers  to  determine.  The  sediment  brought  down 
by  the  river,  especially  in  time  of  flood,  would  rapidly  refill  excavations 
made  by  dredging. 


APPENDIX. 

COMPRESSIVE  STRENGTH  OF  ANTHRACITE  COAL.o 

Owing  to  the  general  lack  of  knowledge  among  the  engineers  of  the  anthracite  coal 
field  as  to  the  compressive  strength  of  anthracite  coal,  and  in  view  of  the  very  import- 
ant matters  relating  to  the  economy  of  mining  of  anthracite,  which  depend  directly 
upon  this  subject,  the  Scranton  Engineers'  Club,  in  July,  1900,  appointed  a  committee 
to  make  a  general  investigation  of  the  compressive  strength  of  anthracite  coal,  hav- 
ing reference  particularly  to  the  northern  anthracite  field.  This  table  contains  the 
results  of  the  efforts  of  that  committee,  in  a  condensed  form.  The  committee  sent 
circular  letters  to  the  various  anthracite  operators  in  the  northern  field,  requesting 
them  to  contribute  to  the  efforts  of  the  committee  by  sending  samples  in  triplicate 
to  be  tested.    These  samples  were  requested  in  three  sizes,  viz.: 

Two  inches  square  on  the  base  by  1  inch  high,  indicated  in  the  table  as  ''1.'' 

Two  inches  square  on  the  base  by  2  inches  high,  indicated  in  the  table  as  ''2." 

Two  inches  square  on  the  base  by  4  inches  hi^,  indicated  in  the  table  as  ^'4.'' 

These  samples  were  requested  to  be  prepared  in  each  case  with  the  base  parallel 
to  the  bedding  plane  of  the  coal  seam,  and  the  height  at  right  angles  thereto. 

Generous  responses  to  this  circular  letter  were  received  in  the  form  of  some  425 
samples  for  testing,  a  few  of  which  were  defective  and  not  tested.  These  samples 
were  then  divided  and  sent  to  the  following  colleges  for  testing,  the  professors  named 
very  kindly  offering  to  assist  the  committee  by  making  the  tests: 

To  Prof.  R.  C.  Carpenter,  of  the  department  of  experimental  engineering,  Sibley 
Coll^;e,  Cornell  University,  Ithaca,  N.  Y.,  133  samples. 

To  Prof.  Mansfield  Merriman,  professor  of  civil  engineering,  Lehigh  University, 
South  Bethlehem,  Pa.,  177  samples. 

To  Prof.  Louis  £.  Reber,  dean  of  the  school  of  engineering,  Pennsylvania  State 
College,  State  College,  Pa.,  113  samples. 

After  these  samples  were  tested  and  the  results  returned  to  the  conmiittee,  they 
were  tabulated  in  a  detailed  way,  forming  an  immense  table,  of  which  this  accom- 
panying table  is  a  condensation.  The  following  description  of  it  is  given,  that  the 
reader  may  the  better  understand  it: 

1.  The  collieries  from  which  the  tests  were  taken  are  arranged  in  the  column  on 
the  left,  in  order,  according  to  the  location  of  the  collieries,  beginning  at  the  northerly 
end  of  the  region  near  Forest  City  and  ending  with  the  southermost  collieries  from 
which  tests  were  received,  at  Williamstown  and  Lykens,  in  the  southern  coal  field. 

2.  The  coal  beds  are  arranged  at  the  top  of  the  table  in  the  order  of  their  occurrence 
in  the  measures,  the  highest  beds  being  at  the  left,  and  the  lowest  beds  at  the  right. 
Where  local  names  for  the  beds  di£fer  from  the  general  names,  their  local  names  are 
inserted  in  the  body  of  the  table. 

3.  The  tests  are  arrange  in  vertical  double  columns  under  the  several  coal  seams, 
and  each  test  ia  placed  in  the  colunm  under  its  respective  coal  bed  and  in  the  hori- 
xsontal  line  opposite  the  colliery  from  which  it  was  taken. 

4.  Results  given  in  this  table  are  in  pounds  avoirdupois  per  square  inch  of  hori- 
zontal area. 


a  Printed  by  pern^I^siQii. 
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5.  The  items  given  in  the  columns  under  the  coal  double-bed  headings  are  the 
''First  crack/'  indicating  the  pressure  in  pounds  per  square  inch  required  to  produce 
the  first  crack  in  the  sample.  In  other  words  it  is  the  pressure  which  would  cause 
the  coal  of  the  same  quality  as  the  sample  to  begin  squeezing.  The  items  under 
"Maximum  load"  in  each  case  indicate  the  pressure  in  pounds  per  square  inch  at 
at  which  the  sample  crushed.  The  items  under  the  head  of  ''No.  of  tests"  indicate 
the  number  of  tests  taken  from  the  respective  beds  in  the  several  collieries,  the  aver^ 
age  of  these  tests  being  represented  by  the  figures  in  the  table. 

6.  The  horizontal  line  headed  "General  average"  contains  the  average  of  all  the 
tests  under  the  respective  coal  beds  as  indicated. 

The  next  horizontal  line  under  "General  average''  indicates  the  percentage  of 
the  maximum  load  which  is  represented  by  the  pressure  necessary  to  produce  the  fint 
ciack,  or  the  squeezing  pressure.  And  the  second  horizontal  line  under  the  general 
average  shows  the  percentage  which  tests  2  and  4  bear  to  test  1  in  each  case. 

The  grand  average,  or  net  result,  is  contained  under  a  separate  heading,  and  indi- 
cates generally  the  average  squeezing  and  crushing  strength  as  shown  by  the  sam- 
ples tested.  The  tests  from  the  several  coal  fields  are  tabulated  separately,  and 
clearly  show  the  superior  strength  of  the  harder  coals  and  the  weakness  of  the  softer. 

7.  From  an  inspection  of  this  table,  the  following  results  appear  to  apply,  approxi- 
mately: 

That  the  squeezing  strength  of  a  mine  pillar  whose  width  is  twice  its  height  is  about 
3,000  pounds  to  the  square  inch,  and  the  crushing  strength  about  6,000  pounds  per 
square  inch,  or,  approximately,  twice  as  much.  And  in  general,  other  things  being 
equal,  the  crushing  strength  of  mine  pillars  would  vary  inversely  as  the  square  root 
of  the  thickness  of  the  bed. 

The  same  general  rule  apparently  holds  true,  also,  for  the  squeezing  strength  in  all 
cases  where  the  height  of  the  pillar  is  less  than  its  width.  In  tall  pillars  having  a 
height  greater  than  their  width,  the  squeezing  strength  apparently  remains  nearly 
constant,  while  the  crushing  strength  continues  to  diminish  with  height  according 
to  the  above  rule. 

Wm.  GniFFrrH,  Chairman.    Hasst  E.  Ye  wens, 
J.  H.  Fisher,  H.  H.  Stoek, 

MoBOAN  Davis,  Jr.  J.  T.  Beard, 

Coal'teat  CommiUee,  Scranton  Engineera'  Club. 
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COMPRESSIVE    STRENGTH   OF   MATERIAIaS   FOR   ROOF 

SUPPORT. 

A  series  of  tests  of  various  kinds  of  materials  for  supporting  the 
roof  in  mine  workings  was  made  in  the  Fritz  Engineering  Labora- 
tory at  Lehigh  University.  The  results  are  given  in  the  following 
report: 

South  Bbthlbheu,  Pa.,  Januaary  26^  1911. 
Mesais.  WnxiAic  Griffith  and  £u  T.  Connbb, 

Scranton,  Pa. 
Gentlbmbn:  I  b^  leave  to  state  that  we  have  concluded  the  series  of  tests  on  the 
bearing  power  of  materials  used  in  sustaining  the  roofs  of  mines,  and  beg  leave  to 
report  as  follows. 

With  the  exception  of  a  small  quantity  of  sand,  all  of  the  materials  which  we  tested 
were  received  from  you,  there  being  one  carload  which  you  sent  us  from  the  anthra- 
cite coal-mining  district.    The  detailed  descriptions  of  the  various  tests  follow: 

TEST  KO.  1. 

This  test  consisted  of  crushing  a  pillar  made  of  mine  rock,  the  four  sides  of  which  were 
laid  verticaUy  and  then  filled  with  stone  of  various  sizes  packed  in  by  hand  so  as  to 
make  a  pillar  of  loose  stones  without  mortar  of  any  kind.  This  pillar  was  5  feet  long, 
2  feet  4  inches  wide,  and  18  inches  high.  It  was  laid  directly  on  the  bedplate  of  the 
testing  machine  and  under  three  steel  beams  which  were  later  used  in  applying  the 
load  over  the  entire  top  surface  of  the  pillar.  The  stone  used  was  slate,  bony  coal, 
and  fire  clay.  The  load  on  this  pillar  was  applied  in  increments  until  a  maximum 
pressure  of  489,150  pounds  was  reached.  The,  following  table  shows  the  loading  at 
the  different  stages  of  the  tests,  together  with  the  deflections  caused  by  these  loads. 
You  will  notice  that  when  the  total  load  was  489,150  pounds  (approximately  42,000 
pounds  per  square  foot)  the  maximum  compression  amounted  to  5.3  inches. 

TEST  1^0.  8. 

Load$  and  settUmenU  of  a  rectangular  pilloT  of  mine  rock. 


Loads. 

Settle- 
ments. 

Loads. 

SetUe- 
ments. 

Loads. 

SetUe- 
meuts. 

Pouadt. 
4.050 
18,6fi0 
33,750 
46,350 
63,025 

Indtet. 

Pownda. 

78,625 

104,050 

130,350 

233,200 

InAet. 
2.21 
2.74 
3.16 
3.75 

Pownda. 
260,450 
326,450 
306,940 
489,150 

Ifidua. 
3.95 
4.32 
4.83 
6.26 

0.53 

.97 

1.40 

1.81 

This  test  consisted  in  crushing  a  timber  crib  made  of  four  layers  of  round  timbers 
which  were  about  5  inches  in  diameter  and  were  laid  log-house  fashion.  Each  of 
two  of  the  layers  consisted  of  two  of  those  round  timbers  5  feet  4  inches  in  length 
and  each  of  the  other  two  layers  consisted  of  three  round  timbers  2  feet  8  inches  in 
length.  The  spaces  between  these  timbers  were  filled  with  slate,  bony  coal,  and  fire 
clay,  and  the  crib  was  then  filled  with  small  stones  shoveled  in;  the  whole  resulting 
in  a  timber  crib  5  feet  4  inches  in  length,  2  feet  8  inches  wide,  and  23}  inches  high. 
The  load  was  applied  in  increments  as  shown  by  the  following  table.  The  maximum 
load  reached  900,000  pounds  and  the  maximum  settlement  was  7.1  inches. 
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Loads  and  gettlements  of  a  dmher  crib  filled  with  mine  rock. 


Loada. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pound*. 
6,250 
10,560 
20,000 
30,000 
40,200 
60,200 
80,400 

100,000 

Inckes. 

Pound*. 
120,000 
140,000 
179,800 
220,000 
260,000 
310,000 
370,000 
413,000 

Ifucket. 
2.13 
2.33 
2,72 
3.00 
3.44 
3.80 
4.17 

Poundt. 
463,000 
606,000 
604,000 
669,000 
728,600 
780,000 
800,000 
900,000 

Incket. 
4.86 
5.23 
5.80 
0.10 
6.38 
6.71 
6.87 
7.06 

0.40 
.78 
1.02 
1.21 
1.48 
1.74 
1.06 

TX8T  KG.  8. 

This  test  consisted  of  crushing  a  circular  pillar  28  inches  in  diameter  and  14}  inches 
high,  made  of  slate  arranged  so  that  the  outer  surface  was  fairly  smooth,  the  spaces 
betwee^ll  the  stones  and  the  interior  of  the  pillar  being  filled  with  small  stones.  The 
load  was  applied  in  increments  as  shown  in  the  following  table,  the  miiTiniinn  load 
being  361,000  pounds,  with  a  corresponding  settlement  of  4}  inches. 

Loads  and  settlements  of  a  circular  jnllar  of  mine  rock. 


Loads 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settte- 
ments. 

Poundt. 
4,000 
20,000 
37,000 
51,000 
60,200 

Inckes. 

Pound*. 

n,200 

98,000 

127,000 

150,000 

183,000 

In^et. 
l.» 
L48 
1.72 
2.60 
2.82 

Pound*. 
195,400 
238,500 
276.000 
361,600 

Ineket. 
3.16 
3.09 
4.05 
4.51 

0.19 
.65 
.75 

1.08 

After  tests  Nos.  1,  2.  and  3  the  stones  were  found  to  be  very  badly  crushed,  many 

having  been  reduced  almost  to  a  powder,  especially  those  immediately  under  the 

load. 

TX8T  KG.  4. 

This  test  consisted  in  loading  a  pile  of  broken  stones  and  observing  the  settlement 
caused  by  the  loading.  The  stone  used  was  crushed  sandstone  which  would  pass 
through  a  ring  1}  inches  in  diameter;  it  had  40  per  cent  voids,  but  under  the  bearing 
plate  on  which  the  load  was  applied  the  voids  were  filled  with  small  broken  stones 
so  as  to  get  a  secure  bearing.  The  pile  of  stone  was  25  inches  wide,  9^  inches  high,  2 
feet  10  inches  long  on  the  top,  and  4  feet  5  inches  long  on  the  bottom.  The  load  was 
applied  on  a  cast-iron  bearing  plate  20  inches  square  which  rested  on  the  top  of  the 
pile  of  stones.  The  following  table  gives  the  loads  and  the  settlement.  The  maxi- 
mum load  reached  was  581,000  pounds,  and  the  maximum  settlement  was  4.4  inches: 

Loads  and  settlements  of  a  pile  of  crushed  sandstone. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds, 

1,400 

2,460 

21,000 

InAet. 

Poundt. 

44,000 

81,400 

141,700 

Inches. 
L73 
2.38 
2.97 

Poundt. 
292,000 
437,000 
561,000 

Inehet. 
3.73 
4.10 
4.86 

0.87 

COMFBBS8IVE  STBENQTH  OF  VABIOTTS  MATKBIAL8. 
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After  the  test  many  of/  the  stones  were  found  reduced  practically  to  a  powder. 

The  stones  under  the  bearing  plate  were  greatly  disintegrated  and  the  plate  was 

pressed  downward  into  the  stones.    At  the  ends  the  pile  moved  outward  as  the  load 

was  applied,  but  on  the  sides  the  pile  was  confined  by  timbers  which  prevented  lateral 

movement. 

TX8T  KO.  6. 

This  test  consisted  in  crushing  a  pile  of  broken  sandstone  of  various  sizes  up  to 
pieces  as  large  as  a  man's  head.  Small  stones  were  placed  under  the  bearing  plate. 
The  stones  were  confined  on  the  sides  but  were  free  on  the  ends  and  were  not  laid 
in  any  order.  The  pile  was  25  inches  wide  and  11}  inches  high;  its  length  was  3  feet 
8  inches  on  top  and  5  feet  at  the  bottom.  The  load  was  applied  by  a  cast-iron  bearing 
plate  on  the  top  of  the  pile,  the  plate  being  20  inches  square.  The  f (blowing  table 
gives  the  loads  and  setdements.  The  maximum  load  was  417,000  pounds  and  the 
maximum  settlement  was  4.6  inches. 

Loads  and  uttUments  of  a  pile  of  broken  9andsione. 


Loada. 

znents. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
6,500 
21,000 
26,000 
31,600 
33,600 

Ineket. 

Pounds. 

60,000 

72,600 

156,600 

164,400 

Inekes. 
1.06 
1.64 
2.36 
2.66 

Pownds. 
194,300 
266,000 
366,000 
417,000 

Inekes. 
8.21 
3.74 
4.31 
4.61 

0.32 
.46 
.61 
.60 

TB8T  KO.  6. 

This  test  consisted  of  applying  a  load  to  a  pile  of  river  sand  by  means  of  a  20  by  20 
inch  bearing  plate.  The  pile  was  8  inches  deep,  2  feet  6  inches  long  on  top,  and  4 
feet  2  inches  long  on  the  bottom,  had  a  width  of  25  inches,  and  was  confined  on  the 
sides  but  not  on  the  ends.  The  maximum  load  reached  was  600,000  pounds,  and  the 
maximum  settlement  was  5  inches. 

TKST  NO.  7. 

This  test  consisted  in  crushing  a  pile  of  broken  sandstone,  the  pile  having  40  per 
cent  voids  and  being  of  sizes  that  would  pass  through  a  ring  1}  inches  in  diameter, 
mixed  with  river  sand  in  proportions  of  ten  volumes  of  the  broken  stone  and  four 
volumes  of  sand.  The  pile  was  10}  inches  in  depth,  25  inches  wide,  2  feet  5  inches 
long  on  top,  and  4  feet  6  inches  long  at  the  bottom;  it  was  confined  on  the  sides  but  not 
on  the  ends.  The  load  was  applied  on  top  of  the  pile  through  a  20  by  20  inch  bearing 
plate.  The  following  table  shows  the  loads  and  settlements.  The  maximum  load 
was  800,000  pounds  and  the  maximum  settlement  was  4.7  inches. 

Loads  and  settlements  of  a  pile  of  broken  sUme  and  sand. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 

2,660 

13.000 

27,300 

62,300 

Ind^. 

Pounds. 
100,000 
180,000 
240,700 
887,600 

Indus. 
2.41 
8.02 
3.30 
3.73 

Pounds. 
488,000 
640,000 
8001000 

Indies. 
4.13 
4.48 
4.60 

0.67 
L27 
L82 
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TB8TN0.  8. 

In  this  test  a  cast-iron  cylinder  was  filled  with  coal  culm  flushed  in  with  water. 
A  piston  was  then  placed  on  top  of  the  culm  and  the  whole  was  allowed  to  stand  on  a 
boiler  for  two  days;  the  cylinder  was  then  placed  in  the  testing  machine  and  pressure 
was  applied  to  the  piston,  which  in  turn  communicated  the  pressure  to  the  culm, 
within  the  cylinder.  The  inside  dimensions  of  the  cylinder  were  as  follows:  Diameter, 
6i  inches;  depth,  10}  inches.  The  depth  of  the  culm  in  the  cylinder  waa  10  inches. 
The  pressure  was  applied  to  the  piston  and  the  culm  was  compressed  until  the  settle- 
ment reached  2.7  inches  under  a  load  of  200,000  pounds.  This  load  corresponds  to  a 
pressure  of  6,150  pounds  per  square  inch  or  443  short  tons  per  square  foot.  The  loads 
and  settlements  are  given  in  the  following  table: 

Loads  and  settlements  of  wet  coal  culm  confined  in  a  cast-iron  cylinder. 


• 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Poundt. 
100 
1,100 
2,100 
3,100 
4,100 
5,100 
6,  ICO 
7,100 
8,100 
9,100 

Inches. 

Pounds. 
10,100 
12,100 
14,100 
16,100 
18,100 
20,100 
25,100 
30,100 
35.100 
45,000 

Indus. 

0.66 

.76 

.85 

.93 

1.01 

L07 

1.22 

1.34 

L45 

L66 

Pounds. 

55,400 

65,000 

75,000 

85,400 

95,000 

106,300 

124,670 

150,000 

200,000 

/ndkes. 
L82 
L94 
2.04 
2.13 
2.21 
2.32 
2.40 
2.44 
2.73 

0.10 
.19 
,27 
.32 
.36 

.43 

.58 
.63 

TEST  NO.  9. 

This  test  consisted  in  applying  pressure  to  the  piston  of  a  cast-iron  cylinder  in  the 
same  manner  as  in  test  No.  8,  but  the  cylinder  was  filled  with  broken  dry  sandstone 
instead  of  coal  culm.  This  broken  sandstone  had  40  per  cent  voids,  and  the  pieces 
would  all  pass  through  a  ring  1}  inches  in  diameter.  The  cylinder  was  filled  to  the  top, 
giving  a  depth  of  stone  of  lO^^  inches.  The  maTimum  load  applied  was  300,000  poimds, 
which  caused  a  settlement  of  3|  inches,  or  9,200  pounds  per  square  inch.  As  a  result 
of  the  test,  the  stone  was  completely  crushed  and  compressed  into  the  iron  cylinder 
so  that  it  had  to  be  cut  out  with  a  chisel.  The  loads  and  settlements  (or  this  test 
follow: 

Loads  and  settlements  of  broken  sandstone  confined  in  a  cast-iron  cylinder. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 

100 

2,000 

4,000 

6,000 

8,000 

10,000 

12.000 

14,000 

1 
Inches. 

Pounds. 
16,000 
18,000 
20.000 
26.000 
30.U00 
35.000 
40.000 
50,000 

Inches. 
1.79 
1.80 
1.94 
2.15 
2.32 
2.42 
2.52 
2.67 

Pounds. 
75,000 
100,000 
125,  (NX) 
150,000 
176,000 
225,000 
275.000 
300,000 

Inches. 
2.91 
3.07 
3.18 
3.28 
3.35 
8.51 
8.55 
8.66 

0.46 
.72 
1.10 
L30 
1.43    1 
1.56    ! 
1.69 

OOMPBE8SIVB  STRENGTH  OF  VARIOUS  MATERIALS. 
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TEST  NO.  18. 

This  test  was  similar  to  test  No.  8  except  that  the  cylinder  filled  with  the  culm  was 
allowed  to  stand,  with  the  piston  removed,  for  eight  days  over  a  boiler.  The  culm  was 
9  inches  deep  in  the  cylinder,  and  the  pressure  was  applied  to  the  piston  until  the 
settlement  reached  3  inches  under  a  load  of  300,000  pounds.  This  load  corresponds 
to  a  pressure  of  9,200  pounds  per  square  inch.  Although  the  culm  had  been  drying 
for  eight  days,  there  was  considerable  water  in  it;  the  water  was  squeezed  out  during 
the  test.    The  loads  and  settlements  for  this  test  follow. 

Loads  and  seUlements  of  damp  culm  confined  in  a  cast-irwi  cylinder. 


Loads. 

Settle- 
men  ta. 

Loads. 

Settle^ 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 

600 

1,000 

2,000 

5,000 

10.000 

15,000 

J^dvW* 

Pounds. 
20,000 
30,000 
40,000 
50,000 
75,000 
100,000 

1.216 
L501 
1.706    > 
1.871    1 
2.168    1 
2.373    , 

Pounds. 
150,000 
200,000 
250,000 
300,000 

1 

Inches. 
2.631 
2.762 
2.876 
2. 999 

0.057 
.176 
.452 
.786 

1.025 

TEST  NO.  13. 

This  test  was  exactly  similar  to  test  No.  8,  except  that  the  cast-iron  cylinder  was  filled 
with  dry  Delaware  River  sand;  the  sand  was  placed  in  the  cylinder  and  settled  by 
shaking  until  it  was  flush  with  the  top.  The  load  was  then  applied  to  the  piston  until 
a  maximum  pressure  of  300,000  pounds,  with  a  corresponding  settlement  of  3.4  inches, 
was  reached.    The  table  showing  loads  and  settlements  follows. 

Loads  and  settlements  of  dry  Delaware  River  sand  confined  in  a  cast4ron  cylinder. 


Loads. 

Settle- 
ments. 

Loads. 

SetUe- 
ments. 

Loads. 

SetUe- 
ments. 

Pounds. 

100 

500 

1,000 

2,000 

5,000 

10,000 

15,000 

In^es. 

Pounds. 
20,000 
30,000 
40,000 
50,000 
75,000 
100,000 
125,000 

Inches. 
L22 
L46 
L66 
1.83 
2.15 
2.39 
2.59 

Pounds. 
150,000 
175.000 
200,000 
250,000 
300,000 

Inches. 
2.76 
2.89 
3.01 
3.20 
3.35 

0.13 
.25 
.41 
.65 
.89 

1.07 

TEST  NO.  10. 

This  test  consisted  in  applying  pressure  to  the  piston  of  the  cylinder  in  the  same 
manner  as  in  test  No.  9;  the  broken  sandstone  had  40  per  cent  voids;  the  pieces  would 
all  pass  through  a  ring  1|  inches  in  diameter,  and  all  voids  were  filled  with  river  sand. 
The  cylinder  was  filled  to  the  top,  giving  the  mixture  of  stone  and  sand  a  depth  of 
lOiV  inches.  The  maximum  load  applied  was  300,000  pounds,  or  9,200  pounds  per 
square  inch,  which  corresponded  to  a  settlement  of  2.4  inches.  As  a  result  of  the  test 
the  stone  was  completely  crushed  and  compacted  in  the  iron  cylinder.  Loads  and 
settlements  for  the  test  follow. 
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Loadi  and  seUUments  of  a  mixture  of  broken  mmdgtone  and  river  $and  confined  in  a  cast- 

iron  cylinder. 


Loads. 

Settte- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

8ettle- 
mnnts. 

Pounds. 
100 
1,000 
2,000 
4,000 
6,000 
8,000 

Inckes. 

Pounds. 
10,000 
16,000 
20,000 
30,000 
40,000 
60,000 

Indus. 
1.01 
1.16 
1.27 
1.43 
1.55 
1.66 

Pounds. 
76,000 
100,000 
160,000 
200,000 
250,000 
300,000 

Indies. 
1.83 
1.05 
2.12 
2.25 
2.34 
2.42 

0.25 
.46 
.66 
.84 
.05 

TBST  NO.  11. 

This  test  consiflted  in  applying  a  preesure  to  the  piston  of  the  cylinder  in  the  same 
manner  as  in  test  No.  9;  but  cinders,  formed  by  burning  anthracite  coal  under  boilers, 
were  used  in  the  cylinder  instead  of  culm.  The  cylinder  was  filled  to  the  top  with 
the  cinders,  which  had  64  per  cent  voids.  The  maximum  load  applied  was  300,000 
pounds,  or  9,200  pounds  per  square  inch,  corresponding  to  a  settlement  of  5.3  inches. 
The  loads  and  settlements  for  this  test  follow: 

Loade  and  eeUlementsfor  anihradte-^yoal  cinders  confined  in  a  oast-iron  cylinder. 


Loads. 

Settle- 
.ments. 

Loads. 

Setae-   ' 
ments.   , 

Loads. 

SetUe- 
ments. 

Pounds. 
100 
700 
1,400 
2,400 
4,000 
6,000 

Indus. 

Pounds. 
10,000 
14,000 
20,000 
34,100 
60,000 

Indus. 
2.85 
3.23    , 
3.&5 
3.00 
4.41 

1 

Pounds. 
100,000 
160,000 
200,000 
250,000 
300,000 

Indus. 
4.74 
4.08 
6.14 
6.25 
6.33 

0.46 
.08 
1.38 
1.80 
2.34 

TEST  NO.  14. 

Pure  sand  was  flushed  into  a  cylinder.    The  sand  was  allowed  to  dry  for  a  period 
of  48  hours.    The  top  of  the  sand  was  1}  inches  below  the  top  of  the  cylinder. 
The  following  are  the  results  of  the  test: 

Loads  and  tests  of  Delaware  River  sand  confined  in  a  cylinder. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 

650 

2,000 

6,000 

10,000 

20,000 

30,000 

Indus. 

Pounds. 

40,000 

60,000 

76,000 

100,000 

125,000 

0.66* 

.67 

.00 
1.00 

L25  ; 

Pounds. 
160,000 
175,000 
200,000 
250,000 
800,000 

Indus* 
L30 
1.61 
1.60 
L70 
LOS 

ao5 

.12 

>.21 

.31 

.46 

a  Water  appeared  on  sorteoe  of  sand. 
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TEST  NO.  16. 

A  pile  of  blue  coal  measuree  sandstone,  in  pieces  3  inches  to  6  inches  square,  the 
pile  measuring  20}  inches  wide,  3  feet  3  inches  long  on  the  top,  and  9  inches  deep,  voids 
on  top  filled  with  a  email  quantity  of  broken  Potsdam  sandstone  for  bearing.  On  the 
sides  the  3  feet  3  inches  dimension  was  confined  by  6-inch  by  8-inch  timbers;  the 
base  plate  of  the  machine  and  the  I  beams  confined  the  material  on  the  top  and  bot- 
tom. On  the  ends  the  material  was  free  to  move  outward,  but  in  the  test  there  was 
very  little  movement  at  the  ends.  The  loads  were  applied  to  the  top  of  the  pile  in 
increments,  and  the  maximum  load  reached  was  600,000  pounds. 

The  following  table  gives  the  loads  and  the  settlements  corresponding  thereto: 

Table  of  loads  and  settlements. 


Lottds. 

Settle- 
ments. 

Inches. 

1 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 

3,100 

6,000 

8,000 

10,000 

15,000 

20,000 

25,000 

30,000 

41,000 

50,000 

60,000 

70,000 

Pounds. 
80,000 
90,000 

ioo;ooo 

110,000 
120,000 
140,000 
162,000 
180,200 
201,500 
286,000 
240,000 
260,000 

Inches. 

0.81 

.88 

.93 

.95 

1.00 

1.06 

1.15 

1.25 

1.30 

1.38 

1.43 

1.48 

Pounds. 
232,000 
305,000 
321,700 
352,000 
375,000 
396,000 
426,000 
460,000 
600,000 
525,000 
554,000 
600,000 

Inches. 
1.50 
1.57 
1.67 
L76 
1.82 
1.89 
L97 
2.06 
2.10 
2.17 
2.26 

a2.43 

0.06 
.12 
.18 
.265 
.325 
.375 
.48 
.56 
.62 
.73 

a  This  settlement  is  equivalent  to  27  per  cent. 


Yours,  very  truly, 


Frank  F.  MgKibben. 
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